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® Aminoketone derivatives. 

© Aminoketone derivatives according to the present invention strongly inhibits thiol protease such as calpain, 
papain, cathepsin B, cathepsin H, cathepsin L or the like and has excellent properties concerning absorbance on 
oral administration, tissue distribution and cell membrane permeability. The aminoketone derivatives can thus be 
used as therapeutic agents for treating muscular dystrophy, cataract, cardiac infarction, stroke, Alzheimer's 
disease, amyotrophy, osteoporosis and hypercalcemia and so on. It may also be used as therapeutic agents for 
preventing metastasis of cancer. In addition, the present derivatives are also applicable as the intermediates 
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upon preparation of ketone derivatives, which has the inhibitory activity against thiol protease. 
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FIELD OF THE INVENTION 

This invention relates to novel aminoketone derivatives and, in particular, to novel aminoketone 
derivatives and their pharmaceutically acceptable salts which strongly inhibit thiol protease such as papain, 
5 cathepsin B, cathepsin H, cathepsin L and calpain or the like. 

BACKGROUND OF THE INVENTION 

In accordance with the elucidation of the in vivo activity of thiol protease such as papain, cathepsin B, 
w cathepsin H, cathepsin L, calpain or the like, it has been found that their extraordinary hypersthenia causes 

various diseases. Further, there is increasing the report which shows thiol protease inhibitors are effective 

on such disease in animal models. 

It is considered that thiol protease such as calpain, cathepsin B or the like takes part in the initial 

process such as disappearance of Z line through the decomposition of muscular fiber protein in the 
T5 collapse of skeletal muscle as seen in muscular disease such as muscular Dystrophy, amyotrophy or the 

like [Taisha (Metabolism), 25, extra-edition "Taisha-byo Highlight (Metabolic Diseases Highlight)", 183 

(1988)]. Furthermore, E-64-d, namely a thiol protease inhibitor, has been reported as having life-prolonging 

effect in experimental muscular dystrophy hamster [Journal of Pharmacobio dynamics, 10, 678 (1987)]. 

Accordingly, such thiol protease inhibitors are expected to be useful as therapeutic agents for the treatment 
20 of muscular dystrophy, amyotrophy or the like. 

The main cause of the post-ischemic cellular disorder which occurs during ischemic diseases such as 

cardiac infarction, stroke and the like is active oxygen produced by xanthine oxidase. It has been reported 

that, during the ischemia, the increase in Ca 2+ , concentration results in the activation of calpain which 

restrictively degrade xanthine dehydrogenase, a precursor of xanthine oxidase, to give xanthine oxidase 
25 [New England Journal of Medicine, 312, p. 159, (1985)]. It has also been reported that the activation of 

calpain may directly cause the necrosis of myocardial cells or neurocytes [Saishin Igaku, 43, p.783, (1988)]. 

There have been reported that NCO-700, a calpain inhibitor, is effective on cardiac infarction when tested 

on animal models [Arzneimittel Forschung/Drug Research, 36, p.190, p.671, (1986)], and that E-64-C inhibits 

the degradation of microtubule-associated protein after the brain ischemia [Brain Research, 526, p. 177, 
30 (1990)]. These reports indicate that a calpain inhibitor can be useful for the treatment of ischemic diseases 

such as cardiac infarction, stroke and the like. 

The cause of senile plaque which is found specifically in the brain of patients suffering from Alzheimer's 

disease is known to be the precipitated amyloid, a protein produced by the decomposition of an amyloid 

precursor protein (APP). Although APP does not give amyloid as a normal metabolite, it may be converted 
35 into amyloid under an abnormal metabolism where protease is extremely activated, and precipitated as 

senile plaque [Scientific American, (11), p.40, (1991)]. Therefore, protease inhibitor is expected to be useful 

for the treatment of Alzheimer's disease. 

The activation of calpain has been observed in a brain trauma model of rabbit [Neurochemical 

Research, 16, p.483, (1991)]. It has also been observed, the administration of leupeptin, a calpain inhibitor, 
40 can protect axon in brain trauma models of rat [Journal of Neurosurgery, 65/ p92, (1986)]. Thus, calpain 

inhibitors are considered to be useful for improving the consciousness disturbance or motor disturbance 

caused by brain trauma. 

It has also been reported that myelin-associated protein exists in dendrite of neurocytes is decomposed 
by calpain [Journal of Neurochemistry, 47, p. 1007, (1986)], indicating that calpain inhibitors may be 

45 effective on diseases caused by the demyelination of neurocytes such as multiple sclerosis, peripheral 
nervous neuropathy and the like. 

The main cause of the turbidity during cataract is hydrolytic products of a water-soluble protein 
crystalline by protease in lens. It has been observed the increase in calcium concentration in iens of 
cataractous animal models and some of human cataract [Investigative Ophthalmology & Visual Science, 28, 

50 p.1702, (1987); Experimental Eye Research, 34, p.413, (1982)]. The dominant protease contained in lens is 
calpain [Lens and Eye Toxicity Research, 6, p.725, (1989)]. These facts indicate that the abnormal sthenia 
of calpain can be one of the causes of cataract. There is a report that E-64, an inhibitor of calpain, is 
effective on cataract in animal models [Investigative Ophthalmology & Visual Science, 32, p.533, (1991)], 
indicating that calpain inhibitors can be useful in the treatment of cataract. 

55 Neutrophils, which is deeply associated to inflammation, show the degranulation or production of 
superoxides in response to the stimulations by a chemotactic factor or phorbol. ester through a mechanism 
appeared to be mediated by protein kinase C (PKC). Calpain participates in the activation of PKC in the 
manner where it promotes the degranulation and inhibits the production of superoxides [Journal of 



3 



EP 0 603 873 A1 



Biological Chemistry, 263, p.1915, (1988)]. In another report, the concentration of cathepsin B in macro- 
phage in rat is 30 to 40 times that of leukocytes and neutrophils, and the concentration of enzyme in 
inflammatory macrophage is 6 times that of normal macrophage [Journal of Biochemistry, 98, p.87, (1985)]. 
These facts indicate that thiol protease inhibitors are useful as anti-inflammatory drugs. 

5 The type I allergy reaction is mediated by immunoglobulin E (IgE) produced in the subject immunized 
with an antigen. Estatin A, a thiol protease inhibitor, has been reported to specifically inhibit the production 
of IgE without affecting on the production of IgG [The Journal of Antibiotics, 42, p.1362, (1989)]. 
Accordingly, thiol protease inhibitors are considered to be useful as antiallergic drugs. 

In case of necrosis of hepatic cells, it is believed that impairment of the cell membrane leads to an 

w increase in the permeability of Ca 2+ , an increase in intracellular Ca 2+ concentration, an activation of calpain, 
and, as the result, the decomposition of its substrate such as skeletal protein takes place, which results in 
the death of cells. Accordingly, a calpain inhibitor can be used as a therapeutic agent for fulminant hepatitis. 

Cathepsins such as cathepsin B and cathepsin L are involved in decomposition of bone collagen in 
osteoclast. It has been reported that administration of an inhibitor of cathepsins, E-64 or estatin A, to a rat 

75 which has an enhanced bone destruction by administration of parathyroid hormone leads to a decrease of 
calcium concentration and hydroxyproline concentration in blood [Biochemical and Biophysical Research 
Communication, 125, p.441, (1994): Japanese Patent Publication (kokai) No. 218610/1990]. Accordingly, it is 
believed that an inhibitor of cathepsins can be a therapeutic agent for osteoporosis, hypercalcemia and the 
like. 

20 There exist, as a substrate for calpain, sex hormone receptors such as estrogen receptor and androgen 
receptor, and it is known that calpain activates these receptors. Accordingly, it is considered that an 
abnormal sthenia of calpain causes a disease which is suspected to be caused by an abnormal activation of 
the sex hormone receptors, for example, breast carcinoma, prostatic carcinoma or prostatomegaly. It is 
believed that an inhibitor for calpain can be a therapeutic agent for the above disease. 

25 Receptors for epidermal growth factor (EGF) are also considered to be activated in association with the 
canceration of cells. It is known that calpain activates the EGF receptors as its substrate. Furthermore, it has 
been reported that calpain is activated in cells which have been infected with adult T cell human leukocyte 
virus (ATLV/HTLV-1) [Seikagaku, 57, p. 1202, (1985)]. On the other hand, it is said that cathepsin B is 
greatly involved in a process of cancer metastasis because it accelerates decomposition of collagen which 

30 is a important step for the cancer metastasis or directly decompose collagen, and because it has a 
profound correlation with plasma membrane of neoplastic cells [Tumor Progression and Markers, p.47, 
(1982); Journal of Biological Chemistry, 256, p.8536, (1981)]. These facts suggest that a thiol protease 
inhibitor has an ability to suppress the growth of cancer cells and prevent the metastasis of cancer. 

Activation of platelet causes the aggregation thereof which is a cause of thrombus. It has been reported 

35 that an inhibitor of calpain, E-64-d, suppressed aggregation of platelet caused by thrombin [Thrombosis 
Research, 57, p.847, (1990)]. Accordingly, the inhibitor of calpain can be used as an inhibitor against 
aggregation of platelet. 

As described above, an abnormal sthenia of thiol protease causes various diseases and a validity of 
several thiol protease inhibitors in animal models has been reported. However, most of known inhibitors, for 

40 example, epoxy succinate derivatives such as E-64 [Agricultural and Biological Chemistry, 42, p.529, 
(1978)], E-64-d [Journal of Biochemistry, 93, p.1305, (1983)], NCO-700 [Japanese Patent Publication (kokai) 
No. 126879/1983], and estatins A and B [The Journal of Antibiotics, 42, p.1362, (1989)] or a-substituted 
ketone of a peptide such as chloromethyl ketone [Journal of Biochemistry, 99, p.173, (1986)] and 
acyloxymethyl ketone [Biochemistry, 30, p.4678, (1991)] are irreversible inhibitors. It is generally said that 

45 the irreversible inhibitors are highly toxic because they are liable to react with non-specifically to 
components consisting living body, other than target enzymes. Therefore, there have been few compounds 
applicable to clinical use so far. Although peptidyl aldehydes such as leupeptin [The Journal of Antibiotics, 
22, p. 283, (1969)] or calpeptin [Journal of Enzyme Inhibition, 3, p. 195, (1990)] are known as reversible 
inhibitors, they also have problems in chemical and in vivo stabilities, cell membrane permeabilities and the 

so like. 

SUMMARY OF THE INVENTION 

The present inventors investigated into various compounds with the aim of developing reversible 
55 inhibitors against thiol protease, which have excellent properties in absorbance on oral administration, tissue 
distribution and cell membrane permeability, and have found that certain derivatives of ketone have such 
desired properties. 
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More particularly, a subject matter of the present invention is directed to an aminoketone derivative 
having the general formula (I) or the pharmaceutically acceptable salt thereof: 



10 



R 1 R 0 

\ I II 
/N— C— C— CH 2 — A (CH 2 ) — X 

R |< 



(i) 



wherein, 

R 1 is hydrogen, 

75 



O O 

II II 

r5_ 0 -c - or R 5 -C 



20 



(R 5 is selected from the group consisting of Ci to C20 alkyl optionally substituted by one or more 
substituents selected from the group consisting of C& to Cu aryl optionally substituted by one or more 
substituents, fluorenyl, a heterocyclic residue optionally substituted by one or more substituents, C3 to C15 

25 cycloalkyl, C3 to C15 cycloalkyloxy, Ce to Cu aryloxy optionally substituted by one or more substituents, 
C7 to C20 aralkyloxy optionally substituted by one or more substituents, C6 to.Cu arylthio optionally 
substituted by one or more substituents, hydroxy! and C2 to C1 0 acyloxy; C2 to C1 0 alkenyl optionally 
substituted by C 6 to Cu aryl optionally substituted by one or more substituents or by a heterocyclic 
residue optionally substituted by one or more substituents; Cs to Cu aryl optionally substituted by one or 

30 more substituents; and a heterocyclic residue optionally substituted by one or more substituents), R 2 and 
R* are independently hydrogen or C1 to C5 alkyl, R 3 is hydrogen, C1 to C20 alkyl optionally substituted by 
one or more substituents, or C6 to Cu aryl optionally substituted by one or more substituents, or when R 3 
and R 4 are taken together, they ared to C10 alkylene, -A- is an oxygen atom, a sulfur atom or 

35 

R 6 




40 



45 



(R s is hydrogen or C1 to C5 alkyl), n is an integer of from 1 to 10, and X is a heterocyclic residue optionally 
substituted by one or more substituents. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is described in detail below. A compound according to the present invention is an 
aminoketone derivative having the general formula (I) or the pharmaceutically acceptable salt thereof: 



50 R 1 R 3 O 



\ 

y N C — C— CH 2 — A — (CH 2 ) — X 

R 2/ l 4 



55 R (I) 
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wherein, 

R 1 is hydrogen, 

O O 

II II 
R 5 -0-C - or R 5 -C - 



(R 5 is selected from the group consisting of Ci to C20 alkyl (methyl, decyl, icocyl, etc.) optionally 
substituted by one or more substituents selected from the group consisting of C e to Cu aryl (phenyl, 
naphthyl, anthryl. etc.) optionally substituted by one or more substituents (one or more substituents 
selected from the group (hereinafter, referred to as "Group 1 ") consisting of a halogen atom (a fluorine 
atom, a chlorine atom, a bromine atom, an iodine atom, etc.), C1 to C5 alkyl (methyl, propyl, pentyl, etc.), 
trifluoromethyl, C1 to C5 alkoxy (methoxy, propoxy, pentyloxy, etc.), C1 to C5 cyclic acetal residue 
(methylenedioxy, propylenedioxy, amylenedioxy, etc.), hydroxyl group, C2 to Cs acyloxy (acetoxy, 
butyryloxy, valeryloxy, etc.), carboxyl, C2 to Cg alkoxycarbonyl (methoxycarbonyl, propoxycarbonyl, pen- 
tyloxycarbonyl, etc.), oxo, C 2 - to Cs acyl (acetyl, butyryl, valeryl, etc.), amino, C1 to C 5 monoalkylamino 
(methylamino, propylamino, pentylamino, etc.), C2 to C10 dialkylamino (dimethylamino, methylpropylamino, 
diisopropylamino, etc.), C2 to Cg acylamino (acetylamino, valerylamino, etc.), carbamoyl, C2 to Ce alkylcar- 
bamoyl (methylcarbamoyl, propylcarbamoyl, pentylcarbamoyl, etc.), C6 to Cu aryl (phenyl, naphtyl, anthryl, 
etc.), C& to Cu aryloxy (phenoxy, naphtyloxy, etc.) and Cg to Cu arylamino (phenylamino, naphtylamino, 
etc.)), fluorenyl, a heterocyclic residue (a heterocyclic residue (hereinafter, referred to as "Group 2") having 
a ring of 5 to 10 atoms including 1 to 4 hetero atoms selected from the group consisting of oxygen atom, 
sulfur atom and nitrogen atom, e.g., furan, dihydrofuran, tetrahydrofuran, pyran, dihydropyran, 
tetrahydropyran, benzofuran, dihydrobenzofuran, isobenzofuran, chromene, chroman, isochroman, 
thiophene, benzothiophene, pyrrole, pyrroline, pyrrolidine, imidazole, imidazoline, imidazoiidine, pyrazole, 
pyrazoline, pyrazolidine, triazole, tetrazole, pyridine, pyridineoxide, piperidine, pyrazine, piperazine, 
pyrimidine, pyridazine, indolizine, indole, indoline, isoindole, isoindoline, indazole, benzimidazole, purine, 
quinolizine, quinoline, phthalazine, naphtyridine, quinoxaline, quinazoline, cinnoline, pteridine, oxazole, 
oxazolidine, isooxazole, isoxazolidine, thiazole, thiazolidine, isothiazole, isothiazolidine, dioxane, dithian, 
morpholine, thiomorpholine) optionally substituted by one or more substituents (selected from the Group 1), 
C 3 to C15 cycloalkyl (cyclopropyl, cyclononyl, cyclopentadecyl; etc.), Cs to C15 cycloalkyloxy 
(cyclopropyloxy, cyclononyloxy, pentadecyloxy, etc.), C& to Cu aryloxy (phenoxy, naphtyloxy, anthryloxy, 
etc.) optionally substituted by one or more substituents (selected from the Group 1), C7 to C20 aralkyloxy 
(benzyloxy, phenylpentyloxy, naphtylmethoxy, naphtylethoxy, anthrylmethoxy, etc.) optionally substituted by 
one or more substituents (selected from the Group 1), Cs to Cu arylthio (phenylthio, naphtylthio, 
anthrylthio, etc.) optionally substituted by one or more substituents (selected from the Group 1), hydroxyl 
and C 2 to C10 acyloxy (acetylamino, valeryloxy, benzoyloxy, etc.); C 2 to C10 alkenyl (vinyl, hexenyl, 
decenyl, etc.) optionally substituted by Cg to Cu aryl (phenyl, naphtyl, anthryl) optionally substituted by 
one or more substituents (selected from the Group 1) or by a heterocyclic residue (Group 2) optionally 
substituted by one or more substituents (selected from the Group 1); C6 to Cu aryl (phenyl, naphtyl, 
anthryl, etc.) optionally substituted by one or more substituents (selected from the Group 1); and a 
heterocyclic residue (Group 2) optionally substituted by one or more substituents (selected from the Group 
1)); R 2 and R* are independently hydrogen or C1 to Cs alkyl (methyl, propyl, pentyl, etc.); R 3 is hydrogen, 
C1 to C20 alkyl (methyl, decyl, icocyl, etc.) optionally substituted by one or more substituents (selected 
from the group consisting of a halogen atom (a fluorine atom, a chlorine atom, a bromine atom, an iodine 
atom, etc.), C3 to C15 cycloalkyl (cyclopropyl, cyclononyl, cyclopentadecyl, etc.), hydroxyl group, Ci to Cs 
alkoxy (methoxy, propoxy, pentyloxy, etc.) optionally substituted by a heterocyclic residue (Group 2), C& to 
Cu aryloxy (phenoxy, naphtyloxy, anthryloxy, etc.), C7 to C20 aralkyloxy (benzyloxy, phenylpentyloxy, 
naphtylmethoxy, naphtylethoxy, anthrylmethoxy, etc.), mercapto, Ci to Cs alkylthio (methylthio, propylthio, 
pentylthio, etc.) optionally substituted by a heterocyclic residue (Group 2), Cs to Cu arylthio (phenylthio, 
naphtylthio, anthrylthio, etc.), C7 to C20 aralkylthio (benzylthio, phenylethylthio, naphtylmethyltio, naph- 
tylethylthio, etc.), carboxyl, carbamoyl, C2 to Cg alkoxycarbonyl (methoxycarbonyl, propoxycarbonyl, pen- 
tyloxycarbonyl, etc.), a heterocyclic residue (Group 2), amino, Ci to C5 monoalkylamino (methylamino, 
propylamino, pentylamino, etc.), C 2 to C10 dialkylamino (dimethylamino, ethylmethylamino, dipentylamino, 
etc.), C 2 to Csalkoxycarbonylamino (methoxycarbonylamino, propoxycarbonylamino, pentyloxycar- 
bonylamino, etc.), C2 to Cg acylamino (acetylamino, valerylamino, etc.), guanidyl, oxo and Cg to Cu aryl 
(phenyl, naphtyl, anthryl, etc.)) or Cg to Cu aryl (phenyl, naphtyl, anthryl, etc.) optionally substituted by one 
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or more substituents (selected from the Group 1), or when R 3 and R* are taken together, they are Ci to C10 
alkylene (methylene, pentylene, octylene, etc.), -A- is an oxygen atom, a sulfur atom or a group represented 
by 




10 (R G is hydrogen or Ci to C 5 alkyl (methyl, propyl, pentyl, etc.)), n is an integer of from 1 to 10, and X is a 
heterocyclic residue (Group 2) optionally substituted by one or more substituents (selected from the Group 

The aminoketone derivatives having the formula (I) according to the present invention enable to forming 
salts. Specific examples of these salts are, in the presence of an acid group, metal salts such as a lithium 
75 salt, a sodium salt, a potassium salt, a. magnesium salt and a calcium salt or ammonium salts such as an 
ammonium salt, a methyl ammonium salt, a dimethyl ammonium salt, a trimethyl ammonium salt and a 
dicyclohexyl ammonium salt and, in the presence of a base group, mineral acid salts such as hydrochloride, 
hydrobromide, sulfate, nitrate and phosphate or organic acid salts such as methane sulfonate, benzene 
sulfonate, paratoluene sulfonate, acetate, propionate, tartarate, fumatate, maleate, malate, oxalate, succinate, 
20 citrate, benzoate, mandelate, cinnamate and lactate. 

The stereochemistry of double bond of the aminoketone derivatives having the formula (I) is either one 
of E, Z and EZ. In addition, the stereochemical configuration of the asymmetric carbon is independently 
specified by either one of R, S and RS. 

Examples of the aminoketone derivatives having the formula (I) are set forth in Table 1 below. 

25 
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Table 1 



Comp. 
No. 


R 1 


R 2 


R 3 


n A 

R 4 


-A-(CH 2 ) n -X 


l 


0 

(CH s ) 3 C0C- 


H 


H 


H 


c /n\ 


2 


0 

^-CH 2 0C- 


H 


H 


H 




3 


H 


H 


H 


H 




4 


0 

. II 
(CH 3 ) 3 C0C- 


H 


H 


H 


-sjQ. 


5 


0 

^-CH 2 0C- 


H 


H 


H 


X 

-sJJ 


6 


H 


H 


H 


H 


-sJJ 


7 


0 

II 

(CHg)gCOC- 


H 


H 


H 


0 ft \\ 


8 


0 

^-CH 2 0C- 


H 


H 


H 


-JO 


9 


H 


H 


H 


H 
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Table 1 continued 



Comp, 

NO, 


R 1 


R 2 


R 3 


R* 


-A-(CH 2 ) n -X 


1 0 


0 

(CH 3 ) 3 C0C — 


H 


H 


H 




1 1 


0 

/"VcHoOC- 
N=/ 1 


H 


H 


H 




1 2 


H 


H 


H 


H 




1 3 


0 

(CH 3 ) 3 C0C- 


H 


H 


H 






1 4 


0 

£^-CH 2 0C- 


H 


H 


H 




0 


I 5 


H 


H 


H 


H 




0 


1 6 


0 

(CH 3 ) g C0C- 


H 


H 


H 


- S J 




1 7 


0 

^-CH 2 0C- 


H 


H 


H 




0 


1 8 


H 


H 


H 


H 


- J 


0 
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Table 1 continued 



Comp> 
No, 




R 2 


R 3 


R 4 


-A-(CH 2 ) n -X 


1 9 


0 

, . II 
CCH 3 ) 3 C0C — 


H 


H 


H 


-kXj 


2 0 


0 

^YcHgOC- 


H 


H 


H 


-s. Lj 


2 1 


H 


H 


H 


H 


-JO 


2 2 


0 

(CH 3 ) s C0C- 


H 


CH 3 - 


H 




2 3 


0 

£^-CH 2 0C- 


H 


CH 3 - 


H 




2 4 


H 


H 


CH 3 - 


H 




2 5 


0 

(CH 3 ) 3 C0C- 


H 


CH 3 - 


H 


-JO 


2 6 


0 

^-CH 2 0C- 


H 


CH 3 - 


H 




2 7 


H 


H 


CH 3 - 


H 
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Table 1 continued 



5 


CODlp. 

No, 


R l 


R 2 


R 3 


R 4 


-A-(CH 2 ) n -X 


in 


2 8 


0 
II 

(CH 3 ) 3 C0C- 


H 


CH 3 - 


CH 3 - 


- S J0 


15 


2 9 


0 

^V-CHoOC- 


H 


CH 3 - 


CH 3 - 




20 


3 0 


H 


H 


CH 3 - 


CH 3 - 




25 


3 1 


0 
II 

(CH 3 ) 3 C0C- 


H 


CH 3 - 


CH 3 - 




30 


3 2 


0 

^-CH 2 0C- 


H 


CH 3 - 


CH 3 - 




35 


3 3 


H 


H 


CH 3 - 


CH 3 - 


-■JO 


40 


3 4 


0 
II 

(CH 3 ) 3 C0C- 


H 


CH 3 - 


CH 3 - 




45 


3 5 


0 

^-CH 2 0C- 


H 


CH 3 - 


CH 3 - 


--J0 


50 


3 6 


H 


H 


CH 3 - 


CH 3 - 


- s xX) 



55 
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Table 1 continued 



Comp. 
No, 


R 1 


R z 


R 3 


R 4 


-A-(CH 2 ) n -X 


3 7 


0 

|| 

(CH 3 ) 3 C0C- 


H 


CH 3 - 


CH 3 - 




3 8 


0 

h \-CHoOC- 


H 


CH 3 - 


CH 3 - 


-S i 11 


3 9 


H 


H 


CH 3 - 


CH 3 - 


-s JL jj 


4 0 


0 

II 

(CH 3 ) 3 C0C- 


H 


(CH 3 ) 2 CH- 


H 




4 1 


0 

^-CH 2 0C- 


H 


(CH 3 ) 2 CH- 


H 




4 2 


H 


H 


(CH 3 ) 2 CH- 


H 


-a? 


4 3 


0 

II 

(CH 3 ) 3 C0C- 


H 


(CH 3 ) 2 CH- 


H 




4 4 


0 

^-CH^OC- 


H 


(CH 3 ) 2 CH- 


H 




4 5 


H 


H 


(CH 3 ) 2 CH- 


H 
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Table 1 continued 



5 


Comp, 
No. 


R 1 


R 2 


R 3 


R 4 


-A-(CH 2 ) n -X I 

* 11 


10 


4 6 


0 

(CH 3 ) 3 C0C — 


H 


CHg CH2CH2*" 


H 




15 


4 7 


0 

f\cH 2 0C- 


H 


CH3CH2CH2*" 


H 




20 


4 8 


H 


H 
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A method of preparing the compound according to the present invention is now described. The, 
aminoketone derivatives having the aforementioned formula (I) may be prepared through, but not limited to, 
the following procedures. 
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Process 1 



HS-(CH 2 )„— X R 2 R 3 Q 
base I I II 

5- BOCN-C-C-CH 2 -S- ( CH 2 ) n > 



(II) (III) 

75 

In the above formulae, R 2 , R 3 , R*. n and X are as hereinabove defined while Boc is a tert- 
butoxycarbonyl group. 

Chloromethyl ketone derivatives having the formula (II) can be readily synthesized using a known 
method disclosed in Chemical and Pharmaceutical Bulletin, vol. 37, page 3108, 1989. Thiomethyl ketone 
20 derivatives having the formula (III) can be produced by means of dissolving such chloromethyl ketone 
derivatives in a solvent, e.g., diethyl ether, tetrahydrofuran, dioxane, ethyl acetate, methylene chloride or 
chloroform, and reacting therewith mercaptan having the formula HS-(CH2) n -X in the presence of a base. 
The exemplified base applicable includes sodium hydroxide, potassium hydroxide, sodium hydride, 
triethylamine and pyridine. 

25 

Process 2 



R 2 R 3 0 



10 



BocN-C-C-CH 2 Cl 



30 

R 6 

R 2 R 3 0 HN r2r3 ° R 6 

| | || -MCH 2 )n— X - I Ml I 

BocN-C-C-CH 2 Cl ^ BocN-C-C-CH 2 -N-(CH 2 ) n — > 

35 I 4 I 4 

R R 

- (II) (IV) 



40 



In the above formulae, Boc, R 2 , R 3 , R 4 , R 6 , n and X are as hereinabove defined. 

Diaminoketone derivatives having the formula (IV) can be produced by means of dissolving the 
chloromethyl ketone derivatives having the formula (II) in a solvent, e.g., diethyl ether, tetrahydrofuran, 
dioxane, ethyl acetate, chloroform or methylene chloride, and reacting therewith amine having the formula: 



45 



50 
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HN 



.(CH 2 )n X 



Process 3 



10 



15 



R 2 R 3 0 

i I II 
BocN-C-C-CH=N=N- 



R 2 R 3 0 

HO-(CH 2 )n — X I I II 

Z BocN-C-C-CH 2 -O- ( CH 2 ) n — X 

transition metal L 



catalyst 



(V) 



20 



(VI) 



25 



30 



In the above formulae, Boc, R 2 , R 3 , R 4 , n and X are as hereinabove defined. 

Diazomethyl ketone having the formula (V) can be readily prepared using a known method disclosed in 
Methods in Enzymology, vol. 80, page 802, 1981. Oxymethyl ketone derivatives having the formula (VI) can 
be produced by means of dissolving the diazomethyl ketone in a solvent such as chloroform or methylene 
chloride and reacting therewith alcohol having the formula HO-(CH 2 ) n -X in the presence of a transition metal 
catalyst including CuO, Rh2(OAc)4 and so on. In this event, the compound having the formula (V) may be 
dissolved directly in the alcohol, HO-(CH 2 ) n -X, to advance the reaction without using the solvent such as 
chloroform or methylene chloride. 



Process 4 



35 



R 2 R 3 0 



R 2 R 3 0 



40 



j | | deprotection | | || 
BocN-C-C-CH 2 -A-(CH 2 ) n — X HN-C-C-CH 2 -A- ( CH 2 ) — X 



45 



(VII] 



(VIII) 



R-C-Cl 



R-O-C-Cl 



OR 2 R 3 0 

5 II I I II 

R-C-N-C-C-CH 2 -A- ( CH 2 ) n — X 
R 4 



O R 2 R 3 0 



R_0-C-N-C-C-CH 2 -A- ( CH 2 ),r— ] 



55 



(IX) 



(X) 



In the above formulae, Boc, R 2 , R 3 , R 4 , R 5 , A, n and X are as hereinabove defined. 
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The compound having the formula (VII), which is prepared according to any one of processes 1 through 
3, has a Boc group. Deprotection of this Boc group under the ordinary reaction conditions results in 
production of amine having the formula (VIII) or a salt of the amine. The deprotection can be made with, but 
not limited to, a hydrochloric acid solution, hydrochloric acid-ethanol, hydrogen chloride-ethyl acetate, 
5 hydrogen chloride-dioxane, hydrobromic acid and hydrogen bromide-acetic acid. In addition, the compound 
having the formula (IX) is produced by means of dissolving the compound (VIII) in an ordinary organic 
solvent such as chloroform, methylene chloride, ethyl acetate and dimethylformamide and reacting there- 
with acylchloride having the formula: 

10 

0 

5 II 
R-C-Cl 

75 in the presence of amine such as triethylamine or pyridine. Likewise, the compound having the formula (X) 
is produced by means of reaction chloroformic derivatives having the formula: 

0 

20 R-O-C-Cl 

with the compound having the formula (VIII). 

It may become necessary to protect or deprotect functional groups of each compound produced during 

25 the sequence of operations in the above mentioned processes 1 through 4. Such protection or deprotection 
can be achieved readily with a common technique ordinarily used in organic synthetic reactions. 

For applying the compound according to the present invention to the clinical fields, the ratio of the 
therapeutically active component relative to the carrier can be altered within the range between 1 % to 99% 
by weight. For example, the compound according to the present invention may be formed into various 

30 dosage forms for oral administration. Such dosage forms include granules, fine granules, powders, tablets, 
hard gelatin capsules, soft elastic capsules, syrup, emulsion, suspension and liquid preparation. Alter- 
natively, the compound may be used as parenteral injections for intravenous, intramuscular or subcutaneous 
injections. It may also be used as a suppository. In addition, the compound may be formed into powders for 
injection and prepared whenever it becomes necessary. The drug according to the present invention can be 

35 prepared with adequate organic or inorganic medical diluent and/or solid or liquid carrier suitable for oral, 
rectal or parenteral administration. The vehicles, fillers, diluents and excipient preferably . used for solid 
preparation are: lactose, sucrose, starch, talc, cellulose, dextrin, kaolin and calcium carbonate. The liquid 
preparation for oral administration, i.e., emulsion, syrup and suspension include commonly used inactive 
diluent such as water and vegetable oil. The preparation may contain, other than the inactive diluent, 

40 auxiliaries such as moistening agents, suspending agents, sweetening agents, aromatic agents, coloring 
agents and preservatives. In addition, the preparation may be contained in, as the liquid preparation, a 
capsule made of an absorbed material such as gelatin. Examples of the solvents and suspending agents 
preferably used for preparing the preparation for the parenteral administration, i.e., injection and suppository 
are: water, propylene glycol, polyethylene glycol, benzyl alcohol, ethyl oleate and lecithin. Exemplified 

45 bases for the suppository include cacao butter, emulsificated cacao butter, laurin tallow and witepsol. The 
preparation can be made according to any one of ordinary methods. 

The dosage relating to the present compound for oral administration to adults is generally in the range 
of between 0.01 to 1 ,000 mg as the daily dose. It is, however, preferable to control the dosage depending 
on the age, the degree of diseases and the symptom. The daily dose of the drug according to the present 

so invention may be administered once a day. The same dose may also be administered two or three times a 
day at suitable intervals or on alternate days or so. 

The daily dose of 0.001 to 100 mg relating to the present compound for injection to adults is preferably 
administered continuously or intermittently. 

The aminoketone derivatives according to the present invention strongly inhibits thiol protease such as 

55 calpain, papain, cathepsin B, cathepsin H and cathepsin L or the like and has excellent properties 
concerning absorbance on oral administration, tissue distribution and cell membrane permeability. The 
aminoketone derivatives can thus be used as therapeutic agents for treating muscular dystrophy, cataract, 
cardiac infarction, stroke, Alzheimer's disease, amyotrophy, osteoporosis and hypercalcemia. It may also be 
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used as therapeutic agents for preventing metastasis of cancer. In addition, the present derivatives are also 
applicable as the intermediates upon preparation of ketone derivatives, which has the inhibitory activity 
against thiol protease, as disclosed in Japanese Patent Application No, 165094/1992. 

The foregoing features of the present invention will be more readily apparent in the context of a 
5 specifically delineated set of examples and a reference. However, it should be understood that the present 
invention is not limited to those particular examples and the reference as long as not being depart from the 
spirit and scope of the appended claims. 

EXAMPLE 1 

10 

Preparation of (S)-3-ferf-butoxycarbonylamino-1 -furfurylthio-2-heptanone 
(Compound No. 58 in Table 1 ) 

6.54 g of (S)-3-ferf-butoxycarbonylamino-1-chloro-2-heptanone and 3.11 g of furfuryl mercaptan were 
75 dissolved in 200 ml of tetrahydrofuran, to which 13 ml solution of 2N sodium hydroxide was added. The 
reaction solution was stirred at a room temperature for 17 hours and a sodium hydrogencarbonate solution 
was then added thereto. The solution was extracted with ethyl acetate. The extracted solution was washed 
with a saturated sodium chloride solution and dried over magnesium sulfate, which was then filtered, 
concentrated and purified by the silica gel column chromatography (eluent: 10% ethyl acetate containing 
20 hexane). The object of 7.82 g was obtained. 
Yield: 92% 

IR(neat, cm" 1 ): 3353, 1705 

NMR(CDCI 3 , 5): 0.89(t, J = 6.6 Hz, 3H), 1.20-1.95(m, 6H), 1.44(s, 9H), 3.28(d, J = 15Hz, 1H), 3.39(d, J 
= 15 Hz, 1H), 3.74(s, 2H), 4.52(m, 1H), 5.09(m, 1H), 6.22(d, J = 2.9 Hz, 1H), 6.31 (m, 1H), 7.36(m, 1H) 

25 

EXAMPLE 2 

Preparation of (S)-3-amino-1-furfurylthio-2-heptanone hydrochloride 
(Compound No. 61 in Table 1) 

30 

7.8 g of (S)-3-ferf-butoxycarbonylamino-1-furfurylthio-2-heptanone obtained in Example 1 was dissolved 
in 80 ml of ethyl acetate, to which 80 ml solution of 4N hydrogen chloride containing ethyl acetate was 
added. The reaction solution was stirred at a room temperature for 1 hour. Subsequently, 100 ml of hexane 
was added to the latter. Crystals generated were filtered and washed with hexane. The object of 5.93 g was 
35 obtained. 

Yield: 93% 

IR(KBr, cm" 1 ): 3350, 1730, 1590 

NMR(DMSO-d 6 , 5): 0.87(t, J = 6.8 Hz, 3H), 1.16-1.40(m, 4H), 1.63-1.95(m, 2H), 3.55(d, J = 16 Hz, 1H), 
3.70(d, J = 16 Hz, 1H), 3.81 (s, 2H), 4.27(m, 1H), 6.30(m, 1H), 6.41 (m, 1H), 7.61 (m, 1H), 8.29(m, 3H) 

40 

EXAMPLE 3 

Preparation of (S)-1 -furfurylthio-3-phenoxyacetylamino-2-heptanone 
(Compound No. 66 in Table 1 ) 

45 

112 mg of (S)-3-amino-1-furfurylthio-2-heptanone hydrochloride obtained in Example 2 and 82 mg of 
phenoxyacetyl chloride were dissolved in 2 ml of methylene chloride. .89 mg of triethylamine was added to 
the reaction solution, which was then stirred at a room temperature for 3 hours. A solution of 1N 
hydrochloric acid was added thereto, which was extracted with methylene chloride. The extracted solution 
so was successively, washed with water, a saturated sodium hydrogencarbonate solution and a saturated 
sodium chloride solution. It was dried over sodium sulfate and filtered. The filtrate was concentrated and 
purified by the silica gel column chromatography (eluent: 20% ethyl acetate containing hexane). The object 
of 149 mg was obtained. 

Yield: 98% 
55 IR(KBr, cm" 1 ) 3450, 1715, 1670 

NMR(CDCI 3 , 5): 0.86(t, J = 7.2 Hz, 3H), 1.05-1.40(m, 2H), 1.43-1.75(m, 1H), 1.80-2.07(m, 1H), 3.27(d, J 
= 15 Hz, 1H), 3.34(d, J = 15 Hz, 1H), 3.72(s, 2H), 4.52(s, 2H), 4.90(m, 1H), 6.21 (d, J = 2.5 Hz, 1H), 6.28- 
(m, 1H), 6.90-7.58(m, 7H) 
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Similar operations were repeated to those made in Examples 1 through 3 to prepare the following 
compounds. Values of physical properties thereof are shown below. 

EXAMPLE 4 

Preparation of 1-ferf-butoxycarbonylamino-3-furfurylthioacetone 
(Compound No. 1 in Table 1) 

NMR(CDCI 3 , 5): 1.45(s, 9H), 3.23(s, 2H), 3.73(s, 2H), 4.1 4(d, J = 4.5 Hz, 2H), 5.1 4(m, 1H), 6.23(m, 1H), 
6.29(m, 1H), 7.39(m, 1H) 

EXAMPLE 5 

Preparation of 3-ferf-butoxycarbonylamino-1-furfurylthio-3-methyl-2-butanone 
(Compound No. 28 in Table 1) 

NMR(CDCI 3 , 5): 1.37-1.57(m, 15H), 3.49(s, 2H), 3.81 (s, 2H), 5.05(br.s, 1H), 6.23(d, J = 2.9 Hz, 1H), 
6.29(m, 1H), 7.35(m, 1H) 

EXAMPLE 6 

Preparation of 3-amino-1 -furfurylthio-3-methyl-2-butanonehydrochloride 
(Compound No. 30 in Table 1) 

IR(KBr, cm- 1 ): 3356, 1730, 1610 

NMR(CD 3 OD, 5): 1.59(s, 6H), 3.59(s, 2H), 3.83(s, 2H), 6.27(d, J = 2.9 Hz, 1H), 6.34(m, 1H), 7.44(m, 

1H) 

EXAMPLE 7 

Preparation of (S)-3-ter?-butoxycarbonylamino-1 -furfurylthio-4-methyl-2-pentanone 
(Compound No. 40 in Table 1) 

NMR(CDCI 3> 5): 0.81 (d, J = 6.8 Hz, 3H), 1.00(d. J = 6.8 Hz, 3H), 1.44(s, 9H), 2.21 (m, 1H), 3.28(d, J = 
15 Hz, 1H), 3.35(d, J = 15 Hz, 1H), 3.75(s, 2H), 4.48(m, .1H), 5.06(d, J = 8.5 Hz, 1 H), 6.22(d, J = 2.9 Hz, 
1H), 6.30(m, 1H), 7.37(m, 1H) 

EXAMPLE 8 

Preparation of (S)-3-amino-1-furfurylthio-4-methyl-2-pentanone hydrochloride 
(Compound No. 42 in Table 1) 

IR(KBr, cm" 1 ): 2966, 1730, 1589 

NMR(CD 3 OD, 5): 0.96(d, J = 7.0 Hz, 3H), 1.18(d, J = 7.0 Hz, 3H), 2.51(m, 1H), 3.39(d, J = 15 Hz, 
1H), 3.62(d, J = 15 Hz, 1H), 3.83(s, 2H), 4.38(m, 1H), 6.32(m, 1H), 6.40(m, 1H), 7.49(m, 1H) 

EXAMPLE 9 

Preparation of (S)-3-ferf-butoxycarbonylamino-1-furfurylthio-2-hexanone (Compound No. 46 in Table 1) 

NMR(CDCI 3 , 5): 0.89(t, J = 7.1 Hz, 3H), 1.18-1.59(m, 3H), 1.41(s, 9H), 1.76(m, 1H), 3.25(d, J = 15 Hz, 
1H), 3.30(d, J = 15 Hz, 1H), 3.70(s, 2H), 4.45(m, 1H), 5.03(d, J = 7.6 Hz, 1H), 6.19(d, J = 2.6 Hz, 1H), 
6.26(m, 1H), 7.32(m, 1H) 
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EXAMPLE 10 



Preparation of (S)-3-amino-1-furfurylthio-2-hexanone hydrochloride 
(Compound No. 48 in Table 1) - 

IR(KBr, cm- 1 ): 2959, 1730, 1587 

NMR(CDCI 3 , 5): 0.98(t, J = 7.2 Hz, 3H), 1 .42-1 .77(m, 2H), 1. 82-2.1 3(m, 2H), 3.37(d, J = 14 Hz, 1H), 
3.43(d, J = 14 Hz, 1H), 3.77(s, 2H), 4.59(dd, J = 6.2 Hz, 5.2 Hz, 1H), 6.25-6.38(m, 2H), 7.36(m, 1H), 8.69(s, 
3H) 

EXAMPLE 11 

Preparation of (S)-3-[3-(2-acetylamino-4-thiazoiyl)-2-propenoylamino]-1 -furfurylthio-2-heptanone 
(Compound No. 71 in Table 1) 

IR(neat, cm' 1 ): 3280, 1720, 1695, 1660, 1625 

NMR(CDCI 3 , 5): 0.83(t, J = 6.8 Hz, 3H), 1.17-1.42(m, 4H), 1.59(m, 1H), 1.89(m, 1H), 2.22(s, 3H), 3.35(d, 
J = 15 Hz, 1H), 3.43(d, J = 15 Hz, 1H), 3.74(s, 2H), 4.94(m, 1H), 6.20(d, J = 3.2 Hz, 1H), 6.28(m, 1H), 
6.66(d, J = 15 Hz, 1H), 6.76(d, J = 7.8 Hz, 1H), 7.02(s, 1H), 7.34(m, 1H), 7.49(d, J = 15 Hz, 1H), 10.3(s, 
1H) 

EXAMPLE 12 

Preparation of (S)-1 -furfurylthio-3-[(2-phenylamino-4-thiazolyl)acetylamino]-2-heptanone 
(Compound No. 75 in Table 1) 

IR(neat, cm" 1 ): 3300, 1720, 1705, 1660, 1600 

NMR(CDCI 3 , 5): 0.82(t, J = 6.9 Hz, 3H), 1.12-1.38(m, 4H), 1.58(m, 1H), 1.85(m, 1H), 3.24(d, J = 15 Hz, 
1H), 3.34(d, J = 15 . Hz, 1H), 3.59(s, 2H), 3.69(s, 2H), 4.75(m, 1H), 6.1 9(d, J = 2.8 Hz, 1H), 6.27(m, 1H), 
6.39(s, 1H), 7.06(m, 1H), 7.21-7.41 (m, 6H), 7,52(6, J = 7.7 Hz, 1H) 

EXAMPLE 13 

Preparation of (S)-3-ferf-butoxycarbonylamino-1 -(3-furylmethylthio)-2-heptanone 
(Compound No. 76 in Table 1) 

NMR(CDCI 3 , 5): 0.90(d, J = 6.2 Hz, 3H), 1.13-1.60(m, 5H), 1.47(s, 9H), 1.81 (m, 1H), 3.20(d, J = 15 Hz, 
1H), 3.29(d, J = 15 Hz, 1H), 3.55(s, 2H), 4.49(m, 1H), 5.05(d, J = 5.8 Hz, 1H), 6.39(d, J = 1.2 Hz, 1H), 
7.35-7.42(m, 2H) 

EXAMPLE 14 

Preparation of (S)-3-benzyloxycarbonylamino-1 -furfurylthio-5-methyl-2-hexanone 
(Compound No. 53 in Table 1) 

IR(neat, cm" 1 ): 3350, 1720, 1700, 1620 

NMR(CDCI 3 , 5): 0.88-1. 02(m, 6H), 1.42(m, 1H), 1.55-1.80(m, 2H), 3.29(d, J = 8.5 Hz, 1H), 3.35(d, J = 
8.5 Hz, 1H), 3.73(s, 2H), 4.61 (m, 1H), 5.1 1(s, 2H), 5.20(d, J = 8.2 Hz, 1H), 6.21 (m, 1H), 6.28(m, 1H), 7.26- 
7.40(m, 6H) 

EXAMPLE 15 

Preparation of (S)-3-ferf-butoxycarbonylamino-1 -(3-thienylmethylthio)-2-heptanone 
(Compound No. 82 in Table 1) 

Melting Point: 43 '-45^ 

IR(KBr, cm~ 1 ): 3383, 1705, 1686, 1510 

NMR(CDCI 3 , 5): 0.89(t, J = 6.7 Hz, 3H), 1.18-1.40(m, 4H), 1.45(s, 9H), 1.52(m, 1H), 1.80(m, 1H), 3.17(d, 



75 



EP 0 603 873 A1 



J = 14.8 Hz, 1H), 3.27(d, J = 14.8 Hz, 1H), 3.73(s, 2H), 4.49(m, 1H), 5.05(br.d, J = 7.6 Hz, 1H), 7.06(d, J 
= 5.0 Hz, 1 H), 7.1 6(br.s, 1 H), 7.29(m, 1 H) 

EXAMPLE 16 

Preparation of (S)-3-amino-1-(3-thienylmethylthio)-2-heptanone hydrochloride 
(Compound No. 84 in Table 1 ) 

Melting Point: 91 °-94*C 
IR(KBr, cm" 1 ): 1730, 1588, 1505 

NMR(CD 3 OD, 5): 0.95(t, J = 6.8 Hz, 3H), 1.20-1.44(m, 4H), 1.78(m, 1H), 1.96(m, 1H), 3.30(d, J = 14.9 
Hz, 1H), 3.49(d, J = 14.9 Hz, 1H), 3.79(s, 2H), 4.34(dd, J = 7.8 Hz, 4.3 Hz, 1H), 7.09(dd, J = 5.0 Hz, 1.3 
Hz, 1H), 7.26(dd, J = 2.1 Hz, 1.3 Hz, 1H), 7.39(dd, J = 5.0 Hz, 3.0 Hz, 1H) 

EXAMPLE 17 

Preparation of (S)-3-phenoxyacetylamino-1-(3-thienylmethylthio)-2-heptanone 
(Compound No. 86 in Table 1) 

IR(neat, cm" 1 ): 3406, 1678, 1522 

NMR(CDCI 3 , 6): 0.87(t, J = 6.7 Hz, 3H), 1.10-1.40(m, 4H), 1.52(m, 1H), 1.90(m, 1H), 3.1 6(d, J = 14.6 
Hz, 1H), 3.25(d, J = 14.6 Hz, 1H), 3.72(s, 2H), 4.53(s, 2H), 4.93(m, 1H), 6.96(d, J = 8.5 Hz, 2H), 7.01 (m, 
1H), 7.05(d, J = 6.5 Hz, 1H), 7.16(br.s, 1H), 7.30(m, 1H), 7.37(m, 2H) 

EXAMPLE 18 

Preparation of (S)-3-(3-methoxyphenoxyacetylamino)1 -(3-thienylmethylthio)-2-heptanone 
(Compound No. 87 in Table 1) 

IR(neat, cm" 1 ): 3407, 1678, 1603, 1522 

NMR(CDCI 3> 5): 0.86(t, J = 6.8 Hz, 3H), 1.10-1.40(m, 4H), 1.60(m, 1H), 1.90(m, 1H), 3.16(d, J = 14.7 
Hz, 1H), 3.25(d, J = 14.7 Hz, 1H), 3.72(s, 2H), 3.81 (s, 3H), 4.51 (d, J = 1.2 Hz, 2H), 4.92(m, 1H), 6.52(d, J 
= 1.4 Hz, 1H), 6.53-6.61 (m, 2H), 7.05(dd, J = 5.0 Hz, 1.3 Hz, 1H), 7.11 (br.d, J = 7.9 Hz, 1H), 7.1 5(d, J = 
1.1 Hz, 1H), 7.22(ddd, J = 8.4 Hz, 8.4 Hz, 1.0 Hz, 1H), 7.28(dd, 5.0 Hz, 3.0 Hz, 1H) 

EXAMPLE 19 

Preparation of (S)-3-acetoxyacetylamino-1-(3-thienylmethylthio)-2-heptanone 
(Compound No. 89 in Table 1) 

IR(neat, cm' 1 ): 3310, 1752, 1674, 1530 

NMR(CDCI 3 , 5): 0.89(t, J = 6.7 Hz, 3H), 1.15-1.40(m, 4H), 1.60(m, 1H), 1.90(m, 1H), 2.21 (s, 3H), 3.1 7(d, 
J = 14.7 Hz, 1H), 3.26(d, J = 14.7 Hz, 1H), 3.73(s, 2H), 4.59(s, 2H), 4.91 (m, 1H), 6.72(br.d, J = 6.7 Hz, 
1H), 7.06(d, J = 4.9 Hz, 1H), 7.16(br.s, 1H), 7.29(dd, J = 4.9 Hz, 3.1 Hz, 1H) 

EXAMPLE 20 

Preparation of (S)-3-(3-phenoxybenzoylamino)-1 -(3-thienylmethylthio)-2-heptanone 
(Compound No. 93 in fable 1) 

IR(neat, cm" 1 ): 3320, 1711, 1645, 1579, 1531 

NMR(CDCI 3 , 5): 0.88(t, J = 6.8 Hz, 3H), 1.15-1.40(m, 4H), 1.64(m, 1H), 2.00(m, 1H), 3.22(d, J = 14.7 
Hz, 1H), 3.31 (d, J = 14.7 Hz, 1H), 3.74(s, 2H), 5.03(m, 1H), 6.71 (br.d, J = 7 Hz, 1H), 7.02-7.06(m, 3H), 
7.1 3-7.1 6(m, 3H), 7.30-7.42(m, 4H), 7.47-7.51 (m, 3H) 
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EXAMPLE 21 

Preparation of (S)-3-ferf-butoxycarbonylamino-4-cyclohexyl-1 -furfuryithio-2-butanone 
(Compound No. 109 in Table 1) 

NMR(CDCI 3 , 5): 0.80-1 .08(m, 2H), 1.12-1 .53(m, 6H), 1.45(s, 9H), 1.55-1 .78(m, 4H), 1 .80-1 .95(m, 1H), 
3.30(d, J = 11 Hz, 1H), 3.38(d, J = 11 Hz, 1H), 3.74(s, 2H), 4.54(m, 1H), 5.92(d, J = 7.1 Hz, 1H), 6.23(m, 
1H), 6.30(m, 1H), 7.36(m, 1H) 

EXAMPLE 22 

Preparation of (S)-4-ferf-butoxycarbonylamino-6-furfurylthio-5-oxohexanoic acid methyl ester 
(Compound No. 115 in Table 1) 

NMR(CDCI 3 , 5): 1.40(s, 9H), 1.63-1.85(m, 2H), 2.05-2.42(m, 2H), 3.27(d, J = 15 Hz, 1H), 3.35(d, J = 15 
Hz, 1H), 3.64(s, 3H), 3.69(s, 2H), 4.52(m, 1H), 5.1 9(d, J = 5.7 Hz, 1H), 6.1 9(d, J = 3.2 Hz, 1H), 6.27(m, 
1H), 7.35(m, 1H) 

EXAMPLE 23 

Preparation of 1-ferf-butoxycarbonylamino-1-(3-pyridylmethylthioacetyl) cyclohexane 
(Compound No. 130 in Table 1) 

NMR(CDCJ 3 , 5): 1.31-1 .58(m, 10H), 1.58-1.73(m, 7H), 1.83-2.1 1(m, 2H), 3.41 (s, 2H), 3.79(s, 2H), 5.52(s, 
1H), 7.24(m, 1H), 7.73(ddd, J = 8.1 Hz, 1.8 Hz, 1.8 Hz, 1H), 8.48(m, 1H), 8.57(s, 1H) 

EXAMPLE 24 

Preparation of 1-amino-1-(3-pyridylmethylthioacetyl) cyclohexane hydrochloride 
(Compound No. 132 in Table 1) 

NMR(CD 3 OD, 5): 1.37-1 '.72(01, 4H), 1.72-1.92(m, 4H), 2.04-2.22(m, 2H), 3.75(s, 2H), 4.08(s, 2H), 8.11(dd, 
J = 8.1 Hz, 5.9 Hz, 1H), 8.73(d, J = 8.1 Hz, 1H), 8.81 (d, J = 5.9 Hz, 1H), 8.96(s, 1H) 

EXAMPLE 25 

Preparation of (S)-3-ferf-butoxycarbonylamino-1-furfurylthio-4-phenyl-2-butanone 
(Compound No. 151 in Table 1) 

NMR(CDCI 3 , 5): 1.41(s, 9H), 2.90-3.1 5(m, 2H), 3.1 7(d, J = 14 Hz, 1H), 3.26(d, J = 14 Hz, 1H), 3.65(s, 
2H), 4.73(dt, J = 6.8 Hz, 6.6 Hz, 1H), 5.06(d, J = 6.8 Hz, 1H), 6.1 8(d, J = 3.2 Hz, 1H), 6.29(dd, J = 3.2 
Hz, 1.9 Hz, 1H), 7.10-7.22(m, 2H), 7.22-7.38(m, 4H) 

EXAMPLE 26 

Preparation of (S)-3-amino-1-fur1urylthio-4-phenyl-2-butanone hydrochloride 
(Compound No. 161 in Table 1) 

NMR(DMSO-d G , 5): 3.02-3.23(m, 2H), 3.36(d, J = 16 Hz, 1H), 3.59(d, J = 16 Hz, 1H), 3.69(d, J = 14 
Hz, 1H), 3.87(d, J = 14 Hz, 1H), 4.54(m, 1H), 6.24(d, J = 3.1 Hz, 1H), 6.38(dd, J = 3.1 Hz, 1.9 Hz, 1H), 
7.20-7.40(m, 5H), 7.57(d, J = 1.9 Hz, 1H), 8.47(s, 3H) 
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EXAMPLE 27 



Preparation of (S)-3-(N-fe^butoxycarbonyl-N-methylamino)-1-furfurylthio-4-phenyl-2-butanon 
(Compound No. 152 in Table 1) 

NMR(CDCI 3 , 5): 1.35(s, 5.4H), 1.40(s, 3.6H), 2.57(s, 1.2H), 2.62(s, 1.8H), 2.80-3.05(m, 1H), 3.12-3.43(m, 
3H), 3.66(s, 0.8H), 3.67(s, 1.2H), 4.60-4.82(m, 1H), 6.20(d, J = 2.8 Hz, 1H), 6.31 (m, 1H), 7.10-7.43(m, 6H) 

EXAMPLE 28 

Preparation of (S)-1-furfurylthio-3-isobutoxycarbonylamino-4-phenyl-2-butanone 
(Compound No. 153 in Table 1) 

Melting Point: 58°-59'C 
IR(KBr, cm" 1 ): 3330, 1725, 1683 

NMR(CDCI 3 , 5): 0.90(d, J = 6.7 Hz, 6H), 1.88(m, 1H), 2.95-3.1 5(m, 2H), 3.1 8(s, 2H), 3.64(s, 2H), 3.83(d, 
J = 6.7 Hz, 2H), 4.78(m, 1H), 5.21 (d, J = 7.2 Hz, 1H), 6.18(d, J = 3.3 Hz, 1H), 6.29(dd, J = 3.3 Hz, 1.9 
Hz, 1H), 7.10-7.18(m, 2H), 7.18-7.38(m, 4H) 

EXAMPLE 29 

Preparation of (S)-3-benzyloxycarbonylamino-1 -furf urylthio-4-phenyl-2-butanone 
(Compound No. 155 in Table 1) 

Melting Point: 64'-66°C 
IR(KBr, cm" 1 ): 3320, 1730, 1640 

NMR(CDCI 3 , 5): 2.95-3.25(m, 2H), 3.1 7(s, 2H), 3.63(s, 2H), 4.84(d, J = 7.5 Hz, 1H), 5.08(s, 2H), 5.33(d, 
J = 7.5 Hz, 1H), 6.1 7(m, 1H), 6.27(m, 1H), 7.10-7.45(m, 11H) 

EXAMPLE 30 

Preparation of (S)-3-f luorenylmethoxycarbonylamino-1 -furfurylthio-4-phenyl-2-butanone 
(Compound No. 159 in Table 1) 

NMR(CDCI 3j 5): 2.95-3.1 0(m, 2H), 3.1 5(s, 2H), 3.64(s, 2H), 4.1 9(t, J = 6.7 Hz, 1H), 4.30-4.50(m, 2H), 
4.84(q, J = 7.5 Hz, 1H), 5.31 (d, J = 7.5 Hz, 1H), 6.1 7(m, 1H), 6.27(m, 1H), 7.1 0-7.1 6(m, 2H), 7.20-7.45(m, 
8H), 7.50-7.60(m, 2H), 7.75-7.79(m, 2H) 

EXAMPLE 31 

Preparation of (S)-3-(2,5-dioxo-1 -pyrrolidyloxycarbonylamino)-1 -furfurylthio-4-phenyl-2-butanone 
(Compound No. 160 in Table 1) 

NMR(CDCI 3 , 5):-3.04(m, 2H), 3.1 7(s, 2H), 3.65(s, 4H), 3.68(S, 2H), 4.83(q, J = 7.3 Hz, 1H), 5.21 (d, J = 
7.3 Hz, 1H), 6.1 8(m, 1H), 6.29(m, 1H), 7.14-7.35(m, 6H) 

EXAMPLE 32 

Preparation of (S)-1 -furfurylthio-3-isovalery lamino-4-phenyl-2-butanone 
(Compound No. 163 in Table 1) 

Melting Point: 94 • -95 • C 
IR(KBr, cm" 1 ): 3320, 1712, 1643 

NMR(CDCI 3 , 8): 0.87(d, J = 6.2 Hz, 3H), 0.89(d, J = 5.6 Hz, 3H), 1.53(m, 1H), 2.03(m, 2H), 2.95-3.20- 
(m, 2H), 3.1 9(s, 2H), 3.65(s, 2H), 5.07(dt, J = 7.2 Hz, 6.5 Hz, 1H), 5.91 (d, J = 7.2 Hz, 1H), 6.1 8(d, J = 3.1 
Hz, 1H), 6.29(dd, J = 3.1 Hz, 2.0 Hz, 1H), 7.05-7.38(m, 6H) 
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EXAMPLE 33 



Preparation of (S)-1-furfurylthio-3-isohexanoylamino-4-phenyl-2-butanone 
(Compound No. 164 in Table 1) 

Melting Point: 68* -71 'C 
IR(KBr, cm" 1 ): 3320, 1710, 1640 

NMR(CDCI 3 , 5): 0.87(d, J = 4.5 Hz, 6H), 1.40-1.60(m, 3H), 2.1 7(t, J = 7.8 Hz, 2H), 2.95-3.20(m, 2H), 
3.20(s, 2H), 3.66(s, 2H), 5.05(q, J = 7.2 Hz, 1H), 5.93(d, J = 7.2 Hz, 1H), 6.1 9(m, 1H), 6.29(m, 1H), 7.12- 
7.40(m, 6H) 

EXAMPLE 34 

Preparation of (S)-1-furfurylthio-4-phenyl-3-(3-phenylpropyonylamino)-2-butanone " 
(Compound No. 166) 

NMR(CDCI 3 , 5): 2.48(m, 2H), 2.92(t, J = 7.6 Hz, 2H), 3.01(m, 2H), 3.12(s, 2H), 3.61(s, 2H), 5.03(q, J = 
7.2 Hz, 1H), 5.89(d, J = 7.2 Hz, 1H), 6.16(m, 1H), 6.28(m, 1H), 7.01-7.06(m, 2H), 7.15-7.35(m, 9H) 

EXAMPLE 35 

Preparation of (S)-1-furfurylthio-3-(1-naphtylacetylamino)-4-phenyl-2-butanone 
(Compound No. 168 in Table 1) 

NMR(CDCI 3> 6): 2.75-2.95(m, 2H), 3.07(s, 2H), 3.51 (s, 2H), 3.99(s, 2H), 4.90(q, J = 7.5 Hz, 1H), 5.79(d, 
J = 7.5 Hz, 1H), 6.1 1(m, 1H), 6.26(m, 1H), 6.65-6.72(m, 2H), 6.96-7.1 0(m, 3H), 7.20-7.35(m, 3H), 7.40-7.55- 
(m, 2H), 7.80-7.92(m, 2H) 

EXAMPLE 36 

Preparation of (S)-1-furfurylthio-3-(2-naphtylacetylamino)-4-phenyl-2-butanone 
(Compound No. 169 in Table 1) 

NMR(CDCI 3 , 5): 2.87(dd, J = 14 Hz, 7.1 Hz, 1 H), 3.01 (dd, J = 14 Hz, 7.1 Hz, 1H), 3.1 8(s, 2H), 3.61 (s, 
2H), 3.69(s, 2H), 4.96(q, J = 7.0 Hz, 1H), 5.88(d, J = 7.0 Hz, 1H), 6.1 5(m, 1H), 6.27(m, 1H), 6.84-6.89(m, 
2H), 7.0-7.1 2(m, 3H), 7.23(m, 1H), 7.32(m, 1H), 7.49-7.53(m, 2H), 7.62(s, 1H), 7.76-7.87(m, 3H) 

EXAMPLE 37 

Preparation of (S)-3-cyclohexyloxyacetylamino-1 -furfury lthio-4-phenyl-2-butanone 
(Compound No. 170 in Table 1) 

IR(neat, cm -1 ): 3410, 1710, 1670 

NMR(CDCI 3 , 5): 1 .16-1 .40(m, 5H), 1.45-1.85(m, 5H), 3.1 0(m, 2H), 3.19(s, 2H), 3.21 (m, 1H), 3.64(s, 2H), 
3.92(s, 2H), 5.04(q, J = 7.0 Hz, 1H), 6.1 9(m, 1H), 6.29(m, 1H), 7.12-7.36(m, 7H) 

EXAMPLE 38 

Preparation of (S)-1 -furf urylthio-3-phenoxyacetylamino-4-pheny l-2-butanone 
(Compound No. 171 in Table 1) 

IR(KBr, cm" 1 ): 3350, 1700, 1655 

NMR(CDCI 3 . 5): 3.0-3.16(m, 2H), 3.16(s, 2H), 3.63(s, 2H), 4.47(s, 2H), 5.14(q, J = 7.2 Hz, 1H), 6.17(m, 
1H), 6.28(m, 1H), 6.85-6.90(m, 2H), 7.03(t ( J = 7.0 Hz, 1H), 7.1 0-7.1 6(m, 2H), 7.20-7.38(m, 6H) 
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EXAMPLE 39 

Preparation of (S)-3-(2-chlorophenoxyacetylamino)-1 -furfurylthio-4-phenyl-2-butanone 
(Compound No. 172 in Table 1) 

NMR(CDCI 3l 5): 3.1 1(m, 2H), 3.20(s, 2H), 3.66(s, 2H), 4.46(d, J = 14 Hz, 1H), 4.54(d, J = 14 Hz, 1H), 
5.1 3(q, J = 7.2 Hz, 1H), 6.1 9(m, 1H), 6.28(m, 1H), 6.84(d, J = 8.1 Hz, 1H), 6.99(m, 1H), 7.16-7.42(m, 9H) 

EXAMPLE 40 

Preparation of (S)-3-(4-chlorophenoxyacetyiamino)-1 -furfurylthio-4-phenyl-2-butanone 
(Compound No. 174 in Table 1) 

Melting Point: 95 • -98 • C 
1R(KBr, cm" 1 ): 3280, 1730, 1670 

NMR(CDCI 3 , 5): 3.08(m, 2H), 3.1 7(s, 2H), 3.63(s, 2H), 4.44(s, 2H), 5.1 4(q, J = 7.0 Hz, 1H), 6.1 8(m, 1H), 
6.29(m, 1H), 6.75-6.82(m, 2H), 7.02-7.36(m, 9H) 

EXAMPLE 41 

Preparation of (S)-1 -f urfurylthio-3-(3-methylphenoxyacety lamino)-4-phenyl-2-butanone 
(Compound No. 176 in Table 1) 

Melting Point: 76 • -78 • C 

IR(KBr, cm- 1 ): 3279, 1730, 1669, 1609 

NMR(CDCI 3 , 6): 2.34(s, 3H), 3.0-3.1 7(m, 2H), 3.1 5(s, 2H), 3.62(s, 2H), 4.46(s, 2H), 5.13(dt, J = 7.6 Hz, 
6.9 Hz, 1H), 6.1 8(d, J = 3.1 Hz, 1H), 6.28(dd, J = 3.1 Hz, 1.9 Hz, 1H), 6.60-6.73(m, 2H), 6.85(d, J = 7.9 
Hz, 1 H), 7.05-7.37(m, 8H) 

EXAMPLE 42 

Preparation of (S)-1 -furfurylthio-4-phenyl-3-(3-trifluoromethylphenoxyacetylamino)-2-butanone 
(Compound No. 179 in Table 1) 

Melting Point: 72 • -80 ° C 
IR(KBr, cm" 1 ): 3414, 1711, 1684 

NMR(CDCI 3 , 5): 3.02-3.23(m, 2H), 3.1 7(s, 2H), 3.64(s, 2H), 4.47(d, J = 15 Hz, 1H), 4.54(d, J = 15 Hz, 
1H), 5.15(dt, J = 7.5 Hz, 6.8 Hz, 1H), 6.1 9(d, J = 3.1 Hz, 1H),.6.29(dd, J = 3.1 Hz, 1.9 Hz, 1H), 6.98-7.53- 
(m, 11H) 

EXAMPLE 43 

Preparation of (S)-1 -f urf ury lthio-3-(3-methoxyphenoxyacetylamino)-4-phenyl-2-butanone 
(Compound No. 182 in Table 2) 

IR(KBr, cm" 1 ) 3281, 1730, 1671, 1603 

NMR(CDCI 3f 5): 3.0-3.23(m, 2H), 3.1 5(s, 2H), 3.62(s, 2H), 3.80(s, 3H), 4.46(s, 2H), 5.13(dt, J = 7.7 Hz, 
6.8 Hz, 1H), 6.1 7(d, J = 3.2 Hz, 1H), 6.28(dd, J = 3.2 Hz, 2.0 Hz, 1H), 6.35-6.52(m, 2H), 6.50-6.63(m, 1H), 
7.0-7.40(m, 8H) 

EXAMPLE 44 

Preparation of (S)-1 -furfurylthio-3-(2-methoxyphenoxyacetylamino)-4-phenyl-2-butanone 
(Compound No. 181 in Table 1) 

NMR(CDCI 3 , 5): 2.96-3.20(m, 2H), 3.1 5(s, 2H), 3.61 (s, 2H), 3.84(s, 3H), 4.53(s t 2H), 5.1 2(q, J = 7.5 Hz, 
1H), 6.1 6(m, 1H), 6.27(m, 1H), 6.83-7.36(m, 10H), 7.65(d, J = 7.5 Hz, 1H) 
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EXAMPLE 45 



Preparation of (S)-1 -furfurylthio-3-(2-phenoxypropyonylamino)-4-phenyl-2-butanone 
(Compound No. 184 in Table 1) 

NMR(CDCI 3 , 5): 1.43(d, J = 6.3 Hz, 1.5H), 1.54(d, J = 6.3 Hz, 1.5H), 2.95-3.20(m, 4H), 3.50(s, 1H), 
3.65(s, 1H), 4.64(m, 1H), 5.02(m, 1H), 6.1 2(m, 0.5H), 6.20(m, 0.5H), 6.25(m, 0.5H), 6.29(m, 0.5H), 6.79-7.04- 
(m, 5H), 7.08-7.40(m, 7H) 

EXAMPLE 46 

Preparation of (S)-1 -furfurylthio-3-(2-phenoxybutyrylamino)-4-phenyl-2-butanone 
(Compound No. 185 in Table 1) 

NMR(CDCI 3 , 5): 0.89(t. J = 7.3 Hz, 1.5H), 1.01(t, J = 7.3 Hz, 1.5H), 1.50-2.0(m, 2H), 2.99(s, 1H), 3.1 9(s, 
1H), 2.92-3.20(m, 2H), 3.48(s, 1H). 3.64(s, 1H), 4.47(m, 1H), 5.04(q, J = 7.3 Hz, 1H), 6.1 0(m, 0.5H), 6.1 9(m, 
0.5H), 6.26(m, 0.5H), 6.30(m, 0.5H), 6.78-7.04(m, 5H), 7.10-7.36(m, 7H), 

EXAMPLE 47 

Preparation of (S)-3-benzyloxyacetylamino-1 -f urf ury lthio-4-phenyl-2-butanone 
(Compound No. 186 in Table 1) 

NMR(CDCI 3 , 8): 2.95-3.20(m, 2H), 3.1 8(s, 2H), 3.64(s, 2H), 3.90(d, J = 15 Hz, 1H), 3.99(d. J = 15 Hz, 
1H), 4.46(d, J = 14 Hz, 1H), 4.55(d, J = 14 Hz, 1H), 5.06(q, J = 7.3 Hz, 1H), 6.18(d, J = 2.9 Hz, 1H), 
6.28(m, 1H), 7.0-7.45(m, 12H) 

EXAMPLE 48 

Preparation of (S)-1 -furfurylthio-3-(1 -naphtoxyacety lamino)-4-phenyl-2-butanone 
(Compound No. 188 in Table 1) 

Melting Point: 104*-106*C 
IR(KBr, cm" 1 ): 3310, 1710i 1665 

NMR(CDCl 3 , 5): 3.1 2(m, 2H), 3.22(s, 2H), 3.65(s, 2H), 4.62(d, J = 13 Hz, 1H), 4.71 (d, J = 13 Hz, 1 H), 
5.1 8(q, J = 7.5 Hz, 1H), 6.1 8(m, 1H), 6.28(m, 1H), 6.74(d, J = 7.3 Hz, 1H), 7.05-7.36(m, 8H), 7.48-7.60(m, 
3H), 7.84(m, 1H), 8.05(m, 1H) 

EXAMPLE 49 

Preparation of (S)-1 -furfurylthio-3-(2-naphtoxyacetylamino)-4-phenyl-2-butanone 
(Compound No. 189 in Table 1) 

Melting Point: 115 0 -118°C 
IR(KBr, cm" 1 ): 3300, 1730, 1670 

NMR(CDCI 3 , 5): 3.05-3.1 8(m, 2H), 3.1 6(s, 2H), 3.60(s, 2H), 4.60(s, 2H), 5.1 5(q, J = 7.5 Hz, 1H), 6.1 6(m, 
1 H), 6.27(m, 1 H), 7.05-7.20(m, 10H), 7.35-7.50(m, 2H), 7.70-7.82(m, 1 H) 

EXAMPLE 50 

Preparation of (S)-1 -furfurylthio-4-phenyl-3-phenylthioacetylamino-2-butanone 
(Compound No. 190 in Table 1) 

IR(KBr, cm" 1 ): 3460, 3300, 1730, 1670 

NMR(CDCI 3) 5): 2.99(m, 2H), 3.05(s, 2H), 3.57(s, 2H), 3.60(s, 2H), 4.99(q, J = 7.0 Hz, 1H), 6.1 5(m, 1H), 
6.28(m, 1H), 7.03-7.09(m, 2H), 7.16-7.35(m, 10H) 
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EXAMPLE 51 

Preparation of (S)-3-(2-benzofuranylcarbonylamino)-1 -f urfurylthio-4-phenyl-2-butanone 
(Compound No. 198 in Table 1) 

NMR(CDCI 3 , 5): 3.20(s, 2H), 3.21 (d, J = 5.7 Hz, 2H), 3.66(s, 2H), 5.31 (q, J = 7.7 Hz, 1H), 6.1 9(m, 1H), 
6.25(m, 1H), 7.18-7.35(m, 8H), 7.40-7.53(m, 3H), 7.68(d, J = 7.7 Hz, 1H) 

EXAMPLE 52 

Preparation of (S)-3-(2-chromanylcarbonylamino)-1 -furfurylthio-4-phenyl-2-butanone 
(Compound No. 202 in Table 1 ) 

IR(KBr, cm" 1 ): 3300, 1710, 1650 

NMR(CDCI 3 , 5): 1.85-2.08(m, 1H), 2.20-2.45(m, 1H), 2.52-2.88(m, 2H), 2.95(dd, J = 14 Hz, 7.5 Hz, 
0.5H), 3.05-3.31 (m, 3.5H), 3.58(s, 1H), 3.67(s, 1H), 4.51 (m, 1H), 5.02(q, J = 7.5 Hz, 0.5H), 5.1 1(m, 0.5H), 
6.25(d, J = 2.0 Hz, 0.5H), 6.26(d, J = 1.9 Hz, 0.5H), 6.29(m, 0.5H), 6.30(m, 0.5H), 6.80-6.95(m, 2H), 6.99- 
7.39(m, 9H) 

EXAMPLE 53 

Preparation of (S)-3-tert-butoxycarbonylamino-1 -(3-furylmethylthio)-4-phenyl-2-butanone 
(Compound No. 204 in Table 1) 

IR(KBr, cm" 1 ): 3370, 1705, 1680 

NMR(CDCI 3 , 5): 1.41(s, 9H), 2.88-3.22(m, 4H), 3.45(s, 2H), 4.76(dt, J = 7.2 Hz, 6.8 Hz, 1H), 5.04(d, J = 
7.2 Hz, 1H), 6.36(d, J = 0.7 Hz, 1H), 7.10-7.42(m, 7H) 

EXAMPLE 54 

Preparation of (S)-1 -furfurylthio-3-(4-oxo-4H-1 -benzopyran-2-ylcarbonylamino)-4-phenyl-2-butanone 
(Compound No. 203 in Table 1) 

IR(KBr, cm" 1 ): 3520, 1720, 1650 

NMR(CDCI 3 , 5): 3.20(s, 2H), 3.21 (d, J = 7.9 Hz, 2H), 3.67(s, 2H), 5.30(q, J = 7.2 Hz, 1H), 6.1 9(m, 1H), 
6.28(m, 1H), 7.19-7.37(m, 6H), 7.43-7.53(m, 3H), 7.75(m, 1H), 8.22(dd, J = 17 Hz, 8 Hz, 1H) 

EXAMPLE 55 

Preparation of (S)-3-ferf-butoxycarbonylamino-4-phenyl-1 -(3-thienylmethylthio)-2-butanone 
(Compound No. 210 in Table 1) 

IR(KBr, cm" 1 ): 3378, 1711, 1682 

NMR(CDCI 3 , 5): 1.41(s, 9H), 2.85-3.20(m, 4H), 3.63(s, 2H), 4.74(m, 1H), 5.05(d, J = 7.6 Hz, 1H), 7.01- 
(dd, J = 4.9 Hz, 1.1 Hz, 1H), 7.05-7.55(m, 7H) 

EXAMPLE 56 , 

Preparation of (S)-3-amino-4-phenyl-1-(3-thienylmethylthio)-2-butanone hydrochloride 
(Compound No. 213 in Table 1) 

IR(KBr, cm" 1 ): 3072, 1723, 1599 

NMR(CD 3 OD, 5): 3.01(dd, J = 14 Hz, 8.4 Hz, 1H), 3.13-3.42(m, 3H), 3.75(s, 2H), 4.63(t, J = 6.2 Hz, 
1H), 7.07(dd, J = 5.0 Hz, 1.3 Hz, 1H), 7.18-7.47(m, 7H) 
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EXAMPLE 57 

Preparation of (S)-3-phenoxyacetylamino-4-phenyl-1 -(3-thienylmethylthio)-2-butanone 
(Compound No. 214 in Table 1) 

Melting Point: 80° -81 *C 

IR(KBr, cm" 1 ): 3281, 1732, 1669, 1601 

NMR(CPCI 3 , 5): 2.95-3.20(m, 4H), 3.61(s, 2H), 4.44(d, J = 15 Hz, 1H), 4.51(d, J = 15 Hz, 1H), 5.15(dt, 
J = 7.7 Hz, 6.9 Hz, 1H), 6.88(d, J = 8.2 Hz, 2H), 6.95-7.40(m, 12H) 

EXAMPLE 58 

Preparation of (S)-3-(3-methoxyphenoxyacetylamino)-4-phenyl-1 -(3-thienylmethylthio)-2-butanone 
(Compound No. 216 in Table 1) 

IR(neat, cm" 1 ): 3407, 1715, 1678, 1603 

NMR(CDCI 3> 5): 2.97-3.1 5(m, 4H), 3.61 (s, 2H), 3.80(s, 3H), 4.46(s, 2H), 5.14(dt, J = 7.8 Hz, 6.8 Hz, 1 H), 
6.40-6.50(m, 2H), 6.53-6.63(m, 1H), 7.01 (dd, J = 5.0 Hz, 1.3 Hz, 1H), 7.05-7.35(m, 9H) 

EXAMPLE 59 

Preparation of (S)-3-(4-methoxyphenoxyacetylamino)-4-phenyl-1 -(3-thienylmethylthio)-2-butanone 
(Compound No. 217 in Table 1) 

Melting Point: 80 0 -81 • C 
IR(KBr, cm" 1 ): 3281, 1726, 1663 

NMR(CDCI 3 , 5): 2.95-3.1 7(m, 4H), 3.62(s, 2H), 3.78(s, 3H), 4.39(d, J = 15 Hz, 1H), 4.45(d, J = 15 Hz, 
1H), 5.14(dt, J = 7.7 Hz, 7.0 Hz, 1H), 6.73-6.88(m, 4H), 7.01 (dd, J = 4.9 Hz, 1.0 Hz, 1H), 7.05-7.38(m, 8H) 

EXAMPLE 60 

Preparation of (S)-3-(2,4-dimethoxycinnamoylamino)-4-phenyl-1-(3-thienylmethylthio)-2-butanone 
(Compound No. 219 in Table 1) 

Melting Point: 142°-143'C 

IR(KBr, cm" 1 ): 3331, 1719, 1647, 1607 

NMR(CDCI 3 , 6): 3.04-3.22(m, 4H), 3.65(s, 2H), 3.84(s, 3H), 3.87(s, 3H), 5.19(dd, J = 7.0 Hz, 6.4 Hz, 
1H), 6.08(d, J = 7.0 Hz, 1H), 6.35-6.55(m, 3H), 7.02(d, J = 4.9 Hz, 1H), 7.07-7.38(m, 7H), 7.39(d, J = 8.4 
Hz, 1H), 7.89(d, J = 16 Hz, 1H) 

EXAMPLE 61 

Preparation of (S)-3-ferf-butoxycarbonylamino-4-phenyl-1 -(2-pyridylmethylthio)-2-butanone 
(Compound No. 226 in Table 1 ) 

NMR(CDCI 3 , 5): 1.40(s, 9H), 2.90-3.15(m, 2H), 3.19(d, J = 10 Hz, 1H), 3.30(d, J = 10 Hz, 1H), 3.75(s, 
2H), 4.72(dt, J = 7.2 Hz, 6.5 Hz, 1H), 5.1 3(d, J = 7.2 Hz, 1H), 7.08-7.35(m, 7H), 7.63(td, J = 7.6 Hz, 1.9 
Hz, 1H), 8.54(m, 1H) 

EXAMPLE 62 

Preparation of (S)-3-ferf-butoxycarbonylamino-1-(2-oxazolidinone-4-ylmethylthio)-4-phenyl-2-butanone 
(Compound No. 223 in Table 1) 

NMR(CDCI 3l 5): 1.41(s, 9H), 2.45-2.70(m, 2H), 2.93-3.05(m, 2H), 3.05-3.42(m, 2H), 3.90(m, 1H), 4.06(m, 
1H), 4.45(m, 1H), 4.73(m, 1H), 5.11(m, 1H), 5.85-6.10(m, 1H), 7.17(d, J = 7.9 Hz, 2H), 7.24-7.38(m, 3H) 
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EXAMPLE 63 

Preparation of (S)-3-ferf-butoxycarbonylamino-4-(4-fluorophenyl)-1 -furfurylthio-2-butanone 
(Compound No. 241 in Table 1 ) 

NMR(CDCI 3 , 5): 1.41(s, 9H), 2.87-3.1 4(m, 2H), 3.1 7(d, J = 15 Hz, 1H), 3.25(d, J = 15 Hz, 1 H), 3.65(s, 
2H), 4.69(m, 1H), 5.02(d, J = 6.2 Hz, 1H), 6.1 9(d, J = 3.3 Hz, 1H), 6.29(m, 1H), 6.98(dd, J = 7.5 Hz, 6.4 
Hz, 2H), 7.09(dd, J = 23 Hz, 6.4 Hz, 2H), 7.35(m, 1H) 

EXAMPLE 64 

Preparation of (S)-3-amino-4-(4-fluorophenyl)-1-furfurylthio-2-butanone hydrochloride 
(Compound No. 243 in Table 1) 

IR(KBr, cm" 1 ): 2959, 1718, 1591 

NMR(CD 3 OD, 5): 3.0(dd, J = 15 Hz, 8.5 Hz, 1H), 3.35(dd, J = 15 Hz, 8.5 Hz, 1H), 3.36(d, J = 15 Hz, 
1H), 3.52(d, J = 15 Hz, 1H), 3.77(s, 2H), 4:62(dd, J = 8.3 Hz, 5.7 Hz, 1H), 6.26(d, J = 3.2 Hz, 1 H), 6.34(m, 
1H), 7.12(dd, J = 8.8 Hz, 7.5 Hz, 2H), 7.33(dd, 7.5 Hz, 5.3 Hz, 2H), 7.44(m, 1H) 

EXAMPLE 65 

Preparation of (S)-3-ferf-butoxycarbonylamino-4-(2-chlorphenyl)-1 -furfurylthio-2-butanone 
(Compound No. 247 in Table 1) 

NMR(CDCI 3 , 5): 1.39(s, 9H), 2.98(dd, J = 15 Hz, 8.5 Hz, 1H), 3.30(dd, J = 15 Hz, 8.5 Hz, 1H), 3.31 (s, 
2H), 3.69(s, 2H), 4.82(m, 1H), 5.08(d, J = 5.8 Hz, 1H), 6.21 (d, J = 3.1 Hz, 1H), 6.29(m, 1H), 7.17-7.23(m, 
3H), 7.32-7.42(m, 2H) 

EXAMPLE 66 

Preparation of (S)-3-amino-4-(2-chlorphenyl)-1-furfurylthio-2-butanone hydrochloride 
(Compound No. 249 in Table 1 ) 

IR(KBr, cm" 1 ): 2835, 1724, 1587 

NMR(CD 3 OD, 6): 3.12(dd, J = 15 Hz, 8.9 Hz, 1H), 3.33(d, J = 15 Hz, 1H), 3.42(d, J = 15 Hz, 1H), 
3.52(dd, J = 15 Hz, 8.9 Hz, 1H), 3.71 (d, J = 7.5 Hz, 1H), 3.76(d, J = 7.5 Hz, 1H), 4.73(dd, J = 8.9 Hz, 6.0 
Hz, 1H), 6.25(d, J = 2.8 Hz, 1H), 6.37(m, 1H), 7.30-7.41 (m, 3H), 7.43(m, 1H), 7.51 (m, 1H) 

EXAMPLE 67 

Preparation of (S)-3-fer/-butoxycarbdnylamino-4-(4-chlorphenyl)-1 -furfurylthio-2-butanone 
(Compound No. 253 in Table 1) 

NMR(CDCI 3 , 5): 1.41(s, 9H), 2.92(dd, J = 14 Hz, 7.2 Hz, 1H), 3.09(dd, J = 14 Hz, 7.2 Hz, 1H), 3.23(s, 
2H), 3.65(s, 2H), 4.71 (q, J = 7.1 Hz, 1H), 5.02(d, J = 7.1 Hz, 1H), 6.1 9(m, 1H), 6.29(m, 1H), 7.07-7.1 1(m, 
2H), 7.23-7.29(m, 2H), 7.39(m, 1 H) 

EXAMPLE 68 

Preparation of (S)-4-(4-chlorpheny l)-1 -furfurylthio-3-phenoxyacetylamino-2-butanone 
(Compound No. 256 in Table 1 ) 

NMR(CDCI 3 , 8): 3.0(dd, J = 14 Hz, 6.5 Hz, 1H), 3.12(dd, J = 14 Hz, 6.5 Hz, 1H), 3.19(s, 2H), 3.63(s, 
2H), 4.48(s, 2H), 5.1 2(q, J = 7.9 Hz, 1H), 6.1 9(m, 1H), 6.29(m, 1H), 6.84-6.89(m, 2H), 7.02-7.1 0(m, 4H), 
7.18-7.35(m, 5H) 
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EXAMPLE 69 

Preparation of (S)-3-fer?-butoxycarbonylamino-1 -furfurylthio-5-phenyl-2-pentanone 
(Compound No. 273 in Table 1) 

NMR(CDCI 3 , 5): 1.46(s, 9H), 1.86(m, 1H), 2.1 9(m, 1H), 2.86(t, J = 7.7 Hz, 2H) t 3.25(d, J = 15 Hz, 1H), 
3.33(d, J = 15 Hz, 1H), 3.73(s, 2H), 4.52(m, 1H), 5.1 4(d, J = 7.8 Hz, 1H), 6.20(d, J = 2.6 Hz, 1H), 6.28(m, 
1H), 7.13-7.38(m, 6H) 

EXAMPLE 70 

Preparation of (S)-1 -furfurylthio-3-phenoxyacetylamino-5-phenyl-2-pentanone 
(Compound No. 277 in Table 1) 

IR(neat, cm" 1 ): 3420, 3320, 1710, 1670 

NMR(CDCI 3 , 5): 1.94(m, 1H), 2.29(m, 1H), 2.60(m, 2H), 3.27(s, 2H), 3.71 (s, 2H), 4.52(s, 2H), 4.96(m, 
1H), 6.1 9(m, 1H), 6.28(m, 1H), 6.93-7.38(m, 12H) 

EXAMPLE 71 

Preparation of (S)-3-ferf-butoxycarbonyiamino-1 -furfurylthio-4-(1 -naphtyl)-2-butanone 
(Compound No. 282 in Table 1 ) 

NMR(CDCI 3 , 5): 1.40(s, 9H), 2.99(s, 2H), 3.49(d, J = 7.5 Hz, 2H), 3.59(s, 2H), 4.87(q, J = 7.5 Hz, 1H), 
5.1 1(d, J = 7.5 Hz, 1H), 6.13(m, 1H), 6.26(m, 1H), 7.26-7.42(m, 4H), 7.49-7.62(m, 2H), 7.77(d, J = 7.9 Hz, 
1H), 7.87(d, J = 7.5 Hz, 1H), 8.1 5(d, J = 7.2 Hz, 1H) 

EXAMPLE 72 

Preparation of (S)-1 -furfurylthio-4-(1 -naphtyl)-3-phenoxyacetylamino-2-butanone 
(Compound No. 286 in Table 1) 

NMR(CDCI 3 , 5): 2.89(d, J = 15 Hz, 1H), 3.01 (d, J = 15 Hz, 1H), 3.54(m, 2H), 3.57(s, 2H), 4.39(d, J = 
15 Hz, 1H), 4.47(d, J = 15 Hz, 1H), 5.25(q, J = 7.4 Hz, 1H), 6.1 1(m, 1H), 6.24(m, 1H), 6.83(d, J = 7.5 Hz, 
2H), 7.02(t, J = 7.5 Hz, 1H), 7.18-7.39(m, 6H), 7.50-7.62(m, 2H), 7.77(d, J = 8.2 Hz, 1H), 7.87(d, J = 7.5 
Hz, 1H), 8.23(d, J = 8.2 Hz, 1H) 

EXAMPLE 73 

Preparation of (S)-3-ferf-butoxycarbonylamino-1 -furfurylthio-4-(2-naphtyl)-2-butanone 
(Compound No. 290 in Table 1) 

NMR(CDCI 3 , 5): 1.39(s, 9H), 3.05-3.35(m, 4H), 3.63(s, 2H), 4.82(m, 1H), 5.09(d, J = 6.8 Hz, 1H), 6.13(d, 
J = 2.9 Hz, 1H), 6.26(m, 1H), 7.28-7.35(m, 2H), 7.42-7.52(m, 2H), 7.61 (s, 1H), 7.70-7.85(m, 3H) J = 8.2 Hz, 
1H) 

EXAMPLE 74 

Preparation of (S)-t -furfurylthio-3-isobutoxycarbonylamino-4-(2-naphtyl)-2-butanone 
(Compound No. 291 in Table 1 ) 

Melting Point: 84- -87* C 
IR(KBr, cm' 1 ): 3330, 1735, 1685 

NMR(CDCI 3 , 5): 0.88(d, J = 6.7 Hz, 6H), 1.86(m, 1H), 3.16-3.35(m, 2H), 3.19(s, 2H), 3.62(s, 2H), 3.82(d, 
J = 6.7 Hz, 2H), 4.91 (q, J = 7.5 Hz, 1H), 5.25(d, J = 7.5 Hz, 1H), 6.1 3(m, 1H), 6.25(m, 1H), 7.24-7.34(m, 
2H), 7.42-7.50(m, 2H), 7.61 (s, 1 H), 7.75-7.85(m, 3H) 
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EXAMPLE 75 

Preparation of (S)-3-terf-butoxycarbonylamino-1 -furfuryloxy-2-heptanone 
(Compound No. 298 in Table 1) 

5 

IR(KBr, cm- 1 ): 3349, 1709 

NMR(CDCI 3 , 5): 0.87(t, J = 6.8 Hz, 3H), 1.13-1 .37(m, 4H), 1.43(s, 9H), 1.45(m, 1H), 1.79(m, 1H), 4.1 7(d, 
J = 18 Hz, 1H), 4.25(d, J = 18 Hz, 1H), 4.46(m, 1H), 4.52(d, J = 13 Hz, 1H), 4.58(d, J = 13 Hz, 1H), 5.10- 
(d, J = 7.9 Hz, 1H), 6.30-6.39(m, 2H), 7.42(m, 1H) 

w 

EXAMPLE 76 

Preparation of (S)-3-ferf-butoxycarbonylamino-1-(3-thienylmethoxy)-2-heptanone 
(Compound No. 304 in Table 1) 

75 

IR(KBr, cm- 1 ): 3349, 1709 

NMR(CDCI 3> 5): 0.88(t, J = 6.9 Hz, 3H), 1.12-1 .39(m, 4H), 1.43(s, 9H), 1.47(m, 1H), 1.79(m, 1H), 4.1 5(d, 
J = 15 Hz, 1H), 4.23(d, J = 15 Hz, 1H), 4.49(m, 1H), 4.57(d, J = 12 Hz, 1H), 4.64(d, J = 12 Hz, 1H), 5.11- 
(d, J = 7:8 Hz, 1H), 7.09(m, 1H), 7.25(m, 1H), 7.31 (m, 1H) 

20 

EXAMPLE 77 

Preparation of (S)-3-amino-1-(3-thienylmethoxy)-2-heptanone hydrochloride 
(Compound No. 306 in Table 1) 

25 

IR(KBr, cm- 1 ): 3441, 1732, 1587 

NMR(CD 3 OD, a): 0.93(t, J = 6.9 Hz, 3H), 1.17-1.59(m, 4H), 1.77(m, 1H), 1.98(m, 1H), 4.27(d, J = 15 
Hz, 1H), 4.34(d, J = 15 Hz, 1H), 4.35(m, 1H), 4.60(d, J = 15 Hz, 1H), 4.66(d, J = 15 Hz, 1H), 7.1 2(m, 1H), 
7.37-7.51 (m, 2H) 

30 

EXAMPLE 78 

Preparation of (S)-3-ferf-butoxycarbonylamino-1 -furfuryloxy-4-phenyl-2-butanone 
(Compound No. 316 in Table 1) 

35 • 

NMR(CDCI 3> 5): 1.39(s, 9H), 2.83-3.1 4(m, 2H), 3.94(d, J = 16 Hz, 1H), 4.1 8(d, J = 16 Hz, 1H), 4.38- 
4.73(m, 3H), 5.1 1(m, 1H), 6.27(d, J = 2.7 Hz, 1H), 6.32(m, 1H), 7.05-7.40(m, 6H) 

EXAMPLE 79 

40 

Preparation of (S)-3-ferf-butoxycarbonylamino-1-(N-furfuryl-N-methylamino)-4-phenyl-2-butanone 
(Compound No. 377 in Table 1) 

NMR(CDCI 3 , 5): 1.40(s, 9H), 2.27(s, 3H), 2.85-3.08(m, 2H), 3.07(d, J = 18 Hz, 1H), 3.36(d, J = 18 Hz, 
45 1H), 3.55(d, J = 14 Hz, 1H), 3.65(d, J = 14 Hz, 1H), 4.67(q, J = 7.2 Hz, 1H), 5.13(d, J = 7.2 Hz, 1H), 
6.1 7(d, J = 3.0 Hz, 1H), 6.31 (m, 1H), 7.07-7.40(m, 6H) 

EXAMPLE 80 

v so Preparation of (S)-3-ferf-butoxycarbonylamino-1-furfurylthio-4-(2-thienyl)-2-butanone 
(Compound No. 436 in Table 1) 

NMR(CDCI 3 , 5): 1.44(s, 9H), 3.15-3.42(m, 4H), 3.68(s, 2H), 4.71 (dt, J = 7.1 Hz, 6.5 Hz, 1H), 5.1 1(d, J = 
7.1 Hz, 1H), 6.1 9(d, J = 2.9 Hz, 1H), 6.29(m, 1H), 6.82(d, J « 3.1 Hz, 1H), 6.93(m, 1H), 7.1 8(d, J = 5.8 Hz, 
55 1H), 7.36(m, 1H) 
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TEST EXAMPLE 

Measurement of Inhibitory Activity against Thiol Protease 

Through the known method disclosed in Journal of Biological Chemistry, vol. 259, page 3210, 1984, m- 
calpain was purified from a brain of rat. The inhibitory activity against it was measured and determined 
according to the method disclosed in Journal of Biological Chemistry, vol. 259, page 12489, 1984. The 
results are set forth in Table 2 below, indicating that the compounds according to the present invention 
exhibit strong inhibitory activity against the thiol protease. 

Table 2 



15 



20 



Example No. (Compound No. in Table 1) 


ICso(um) 


17 (No. 86) 


12.2 


18 (No. 87) 


13.0 


38 (No. 171) 


17.0 


58 (No. 216) 


4.5 


60 (No. 219) 


14.5 



25 



Claims 

1. An aminoketone derivative having the general formula (I) or the pharmaceutical^ acceptable salt 
thereof: 



30 



35 



\ I II 

N C— C CH 2 — A— (CH 2 ) — X 

R ' L 



(I) 



40 



wherein, 

R 1 is hydrogen, 



45 



50 



55 



0 o 

II II 

R 5 -0-C - or R 5 -C - 

(R 5 is selected from the group consisting of Ci to C20 alky! optionally substituted by one or more 
substituents selected from the group consisting of Ce to C1 4 aryl optionally substituted by one or more 
substituents, fluorenyl, a heterocyclic residue optionally substituted by one or more substituents, C3 to 
C15 cycloalkyl, C3 to C15 cycloalkyloxy, C6 to Cu aryloxy optionally substituted by one or more 
substituents, C7 to C 2 o aralkyloxy optionally substituted by one or more substituents, Cs to arylthio 
optionally substituted by one or more substituents, hydroxyl and C2 to C10 acyloxy; C 2 to C10 alkenyl 
optionally substituted by C6 to C14 aryl optionally substituted by one or more substituents or by a 
heterocyclic residue optionally substituted by one or more substituents; Cs to C14 aryl optionally 
substituted by one or more substituents; and a heterocyclic residue optionally substituted by one or 
more substituents), R 2 and R 4 are independently hydrogen or C1 to Cs alkyl, R 3 is hydrogen, C1 to C20 
alkyl optionally substituted by one or more substituents, or C6 to Cu aryl optionally substituted by one 
or more substituents, or when R 3 and R 4 are taken together, they are C1 to C10 alkylene, -A- is an 
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oxygen atom, a sulfur atom or 




(R 6 is hydrogen or Ci to C5 alkyl), n is an integer of from 1 to 10, and X is a heterocyclic residue 
optionally substituted by one or more substituents. 

2. A compound of Claim 1 , wherein said one or more substituents on the aryl ring and the heterocyclic 
ring are selected from the group consisting of a halogen atom, Ci to C5 alkyl, trifluoromethyl, Ci to C5 
alkoxy, a C1 to C5 cyclic acetal residue, hydroxy!, C 2 to Cs acyloxy, carboxyl, C2 to Cs alkoxycarbonyl, 
oxo, C 2 to C6 acyl, amino, C1 to C5 monoalkylamino, C 2 to C10 dialkylamino, C 2 to C 6 acylamino, 
carbamoyl, C 2 to Cs alkylcarbamoyl, Cs to Cu aryl, Cs to Cu aryloxy and Cs to Cu arylamino, and 
said one or more substituents of C1 to C 20 alkyl which is represented by R 3 are selected from the 
group consisting of a halogen atom, C3 to C15 cycloalkyl, hydroxyl, C1 to C5 alkoxy optionally 
substituted by a heterocyclic residue, Cs to Cu aryloxy, C7 to C 2 o aralkyloxy, mercapto, C1 to C5 
alkylthio optionally substituted by a heterocyclic residue, C6 to Cu arylthio, C7 to C20 aralkylthio, 
carboxyl, carbamoyl, C 2 to alkoxycarbonyl, a heterocyclic residue, amino, Ci to C5 monoalkylamino, 
C2 to C10 dialkylamino, C 2 to Csalkoxycarbonylamino, C 2 to C6 acylamino, guanidyl, oxo and C6 to Cu 
aryl. 

3. A compound of Claim 1, wherein, R 1 is hydrogen, 

0 0 
R 5 -0-C - or R 5 -C - 

(R s Is selected from the group consisting of Ci to C10 alkyl optionally substituted by one or more 
substituents selected from the group consisting of Cs to Cu aryl, fluorenyl, C 3 to Cs heterocyclic 
residue containing a hetero atom selected from the group consisting of a nitrogen atom, a sulfur atom 
and an oxygen atom and optionally substituted by one or more substituents selected from the group 
consisting of C 6 to C10 arylamino and oxo, C 3 to C10 cycloalkyloxy, C6 to Cu aryloxy optionally 
substituted by one or more substituents selected from the group consisting of Ci to C 3 alkoxy, a 
halogen atom, Ci to C3 alkyl and trifluoromethyl, C 7 to C15 aralkyloxy, Cs to C10 arylthio, and C 2 to Cs 
acyloxy; O2 to Cs alkenyl optionally substituted by Cg to C10 aryl optionally substituted by Ci to C3 
alkoxy or by thiazolyl optionally substituted by C 2 to C5 acylamino; Cg to C10 aryl optionally substituted 
by C6 to C10 aryloxy; and pyrrolidinyl optionally substituted by oxo); R 2 and R 4 are independently 
hydrogen or Ci to C 3 alkyl; R 3 is hydrogen or Ci to C10 alkyl optionally substituted by one or more 
substituents selected from the group consisting of C 2 to C* alkoxycarbonyl, C 3 to C10 cycloalkyl, Cs to 
Cu aryl optionally substituted by a halogen atom and thienyl, and R 3 , when taken together with R* is 
Ci to Ci 0 alkylene; n is an integer of from 1 to 3; and X is a C 2 to Cs heterocyclic residue containing 
one or more hetero atoms selected from the group consisting of a nitrogen atom, a sulfur atom and an 
oxygen atom, and optionally substituted by oxo. 

4. A compound of Claim 3, wherein, R 1 is hydrogen, 

0 0 
II II 

(R 5 is selected from the group consisting of Ci to C10 alkyl optionally substituted by one or more 
substituents selected from the group consisting of Cs to Cu aryl, fluorenyl, thiazolyl optionally 
substituted by phenylamino, benzofuranyl, chromanyl, 4-oxochromenyl, C 3 to C10 cycloalkyloxy, Cs to 
Ci 4. aryloxy optionally substituted by one or more substituents selected from the group consisting of Ci 



88 



EP 0 603 873 A1 



to C 3 alkoxy, a halogen atom, Ci to C 3 alkyl, and trifluoromethyl, C 7 to C15 aralkyloxy, Cs to C10 
arylthio, and C2 to Cs acyloxy; C 2 to Cs alkenyl optionally substituted by Cs to C10 aryl optionally 
substituted by C1 to C 3 alkoky or by thiazolyl optionally substituted by C2 to Cs acylamino; Cs to C10 
aryl optionally substituted by Cs to C10 aryloxy; and pyrrolidinyl optionally substituted by oxo), X is 
furyl, thienyl, oxazolidinyl optionally substituted by oxo or pyridinyl. 



5. A compound of Claim 1 , wherein R 1 is 



70 



0 o 

II II 

R 5 -0-C - or R 5 -C - 



(R 5 is selected from the group consisting of C1 to C 5 alky I optionally substituted by Cs to C10 aryloxy 
75 optionally substituted by C1 to C 3 alkoxy; and C 2 to C 5 alkenyl optionally substituted by Cs to C10 aryl 
optionally substituted by C1 to C 3 alkoxy), R 2 and R* are hydrogen, R 3 is C1 to C10 alkyl optionally 
substituted by Cs to C10 aryl, -A-is a sulfur atom; n is an integer of from 1 to 3; and X is furyl or 
thienyl. 

20 6. The compound of Claim 1 excluding the following compounds: compounds represented by the formula 
(I) wherein R 1 is hydrogen or 

0 

II 

25 R5-0-C- 

(R 5 is tert-butyl), R 2 is hydrogen, R 3 is butyl, R 4 is hydrogen, A is a sulfur atom, n is 1 and X is furan. 
30 7. The compound of Claim 1 with a proviso that when R 1 is hydrogen or 

0 
II 

R5-0-C- 



35 



40 



45 



50 



(R 5 is tert-butyl), 

© R 2 is hydrogen, R 3 is butyl or benzyl, R 4 is hydrogen and -A-(CH2) n -X is 



(§) R 2 is hydrogen, R 3 and R* are taken together, they are pentylene and -A-(CH 2 ) n -X is 
(3) R 2 is metyl, R 3 is benzyl, R* is hydrogen and -A-(CH 2 ) n -X is 
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or 

0 R 2 is hydrogen, R 3 is butyl R* is hydrogen and -A-(CH 2 ) n -X is 



8. The compound of Claim 1 excluding the compounds wherein R 1 is not hydrogen or 

O 

H 

R5-0-C- 

(R 5 is tert-butyl). 

9. A pharmaceutical composition comprising the compound of Claim 1 and a pharmaceutical^ acceptable 
carrier. 

10. A pharmaceutical composition for treating diseases resulting from abnormal stenia of thiol protease 
containing the compound of Claim 1 and a pharmaceutical^ acceptable carrier. 
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